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Guide To Using This Data Book 


Maxim is afull line supplier of analog and interface products. 
This data book contains detailed product data sheets for 
Maxim's broad line of products that include: 


• 
NO and D/A Converters 
• 
Precision Voltage References 
• 
True RMS-to-DC Converters 
• 
Operational Amplifiers (Precision CMOS and Bipolar) 
• 
Video Amplifiers and Buffers 
• 
Power Amplifiers and Programmable Gain Amplifiers 
• 
CMOS Power Supply Circuits 
- 
Linear Regulators 
- 
DC-DC Converters 
- 
AC-DC Regulators 
- 
Supervisory Circuits 
- 
Charge Pump Converters 
- 
Voltage Detectors 
• 
CMOS Display Drivers/Counters 
• 
CMOS Timers/Counters 
• 
RS-232 Drivers and Receivers 
• 
CMOS Switched Capacitor Filters 
• 
CMOS Analog Switches and Multiplexers 


These circuits utilize Maxim's CMOS, Bipolar and advanced 
Hybrid technologies. All of Maxim's monolithic devices are 
available in surface mount packages that increase board 
density with little impact on power handling capability. 


At the beginning of most sections are selection tables that 
can assist you in selecting the product most suitable for your 
application(s). 
The selection 
guide 
also contains 
page 
numbers for individual 
product data sheets. A complete 
listing by function is contained in the Table of Contents with 
a brief product description to assist you in finding any device 
of interest. 


IDENTIFIER 
PRODUCT 
COMMENTS 
STATUS 


None 
Full 
Data Sheet Finalized 
Production 


Introductory 
Initial 
Data Sheet based on 
Production 
limited number of devices 
Advance 
Samples 
Data Sheet based on 
Information 
Only 
design goals 


Maxim's goal isto develop products which advance the state 
of the art in analog and interface circuits for applications 
such as analog signal processing, data acquisition, 
test 
systems, instrumentation and communications. Some ofthe 
significant 
product advances introduced in this data book 
include: 
• 
Complete 
8- and 12-bit CMOS ND 
converters 
that 
include voltage references and track and hold functions 
(MAX150, MAX162 and MAX172). 


• 
3'12 digit integrating ND converters with LCD and LED 
display drivers, onboard negative charge pump converters 
for operation 
off a single positive supply, and bipolar 


input capability. 
• 
3'1. digit flP compatible 
Digital Multimeter circuits that 
offer superior performance and flexibility 
compared to 
previous 
integrating 
ND 
converters 
(MAX133 
and 
MAX134). 
• 
Industry 
standard 
and proprietary 
voltage 
reference 


devices that are offered in plastic DIPs, Cerdips and 
surface mount Small Outline packages. In particular, the 
MAX672 and MAX673 offer superior performance for the 
price. 
• 
World's lowest Offset Bipolar Op Amp, the MAX400, with 
just 10flV offset error and O.3flV/oC drift. 


• 
World's first ±15V Chopper Stabilized 
Op Amps, the 


MAX420 and MAX430 families. These amplifiers havejust 
5flV maximum offset error and O.05flVrC drift. 


• 
A family of Video CMOS amplifiers that combine wide 
bandwidth 
of 50MHz with 2, 4 and 8 channel 
input 


mUltiplexers (MAX452 family). 
• 
Single supply RS-232 Drivers and Receivers that use 
patented '+' and '-' charge pump converters to generate 
±10V supplies for the RS-232 Drivers from a single +5V 
supply. Maxim has more RS-232 Driver/Receiver combi- 
nations than any other manufacturer. 


• 
AC-DC regulators that convert the line voltage directly to 
+5V with minimal external components (MAX610family). 


• 
Linear regulators with microamp quiescent currents for 
battery powered applications (MAX663/4/6). 
• 
DC-DC converters which significantly 
simplify system 
design by economically generating different power supply 
voltages 
on individual 
PCBs (MAX630 and MAX640 


families). 


• 
Monitoring/supervisory 
circuits which generate reliable 


power fail and reset signals for power switch-on 
and 
power fail flP applications (MAX690 family). 


• 
Switched capacitor filters that require no external com- 
ponents and allow precise filter cutoff frequencies. They 
are digitally programmable, offering flexibility 
in design 


(MAX260 family). 


• 
Overvoltage 
Fault Protected analog mUltiplexers that 


continue to protect input and output signal sources even 
after 
power 
to 
the 
mUltiplexer 
has been 
removed 


(MAX358/359). 


Maxim will continue to serve analog and interface designers 
with new innovative products offering the highest standards 
of performance, quality and reliability. We appreciate the 
opportunity 
to serve you. 


Life Support Policy: Maxim does not authorize or warrant any Maxim product for use in life support devices and/or systems without the 
express written approval of an officer of Maxim Integrated Products, Inc. 
Life support devices or systems are devices or systems which, (i) are intended for surgical implant into the body or (ii) support or sustain life, 
and whose failure to perform, when properly used in accordance with instructions for use provided in the labeling, can be reasonably 
expected to result in significant injury to the user. 


Maxim cannot assume responsibility for use of any circuitry other than circuitry entirely embodied in a Maxim product. No circuit patent 
licenses are implied. Maxim reserves the right to change the circuitry and specifications without notice at any time. 
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A/D 
Converters 
MAX130 
3'12Digit NO 
Converter with Bandgap Reference 
1-1 
MAX131 
3'12 Digit NO 
Converter with Bandgap Reference 
1-1 
MAX133 
3% Digit Digital Multimeter Circuit 
1-13 
MAX134 
3% Digit pP Compatible DMM Circuit 
1-13 
MAX136 
Low Power 3'12 Digit NO 
Converter with LCD Display Hold 
1-31 
MAX138 
3'12Digit NO Converter with Bandgap Reference and Charge Pump Voltage Converter 
1-35 
MAX139 
3'12Digit NO 
Converter with Bandgap Reference and Charge Pump Voltage Converter 
1-35 
MAX140 
3'12Digit NO 
Converter with Bandgap Reference and Charge Pump Voltage Converter 
1-35 
MAX150 
CMOS 1.3ps 8 Bit NO 
Converter with Voltage Reference and Track/Hold 
1-43 
MAX154 
CMOS 2.0ps 8 Bit NO 
Converter with 4 Channel Multiplexer 
1-55 
MAX158 
CMOS 2.0ps 8 Bit NO 
Converter with 8 Channel Multiplexer 
1-55 
MAX160 
CMOS pP Compatible 4ps 8 Bit NO Converter 
1-67 
MAX161 
CMOS 20ps 8 Bit 8 Channel Data Acquisition System 
1-79 
MAX162 
CMOS High Speed 3ps 12 Bit NO 
Converter with Voltage Reference.................... 
1-87 
MAX172 
CMOS 10ps 12 Bit NO 
Converter with Voltage Reference 
1-103 
MAX7129 
4'12Digit Single-Chip NO 
Converter with Multiplexed LCD Drivers 
1-161 
AD578 
High Speed 3ps 12 Bit NO 
Converter 
1-107 
AD7572 
CMOS High Speed 5 & 12tJs 12 Bit NO 
Converter with Voltage Reference 
1-87 
AD7574 
CMOS pP Compatible 8 Bit NO Converter 
1-67 
AD7581 
CMOS 8 Bit 8 Channel Data Acquisition System 
1-79 
AD7820 
CMOS High Speed 8 Bit NO Converter with Track/Hold 
1-43 
AD7824 
CMOS High Speed 8 Bit NO 
Converter with 4 Channel Multiplexer 
1-55 
AD7828 
CMOS High Speed 8 Bit NO 
Converter with 8 Channel Multiplexer 
1-55 
ADC0820 
CMOS High Speed 8 Bit NO Converter with Track/Hold 
1-113 
ICL7106 
3'12Digit NO Converter with Direct LCD Drivers 
1-119 
ICL7107 
3'12 Digit NO 
Converter with Direct LCD Drivers 
1-119 
ICL7109 
12 Bit NO 
Converter with Three-State Binary Outputs 
1-131 


ICL7116 
3'12 Digit NO 
Converter with LCD Display Hold 
1-149 
ICL7117 
3'12Digit NO 
Converter with LED Display Hold 
1-149 
ICL7126 
Low Power, 3'12Digit NO Converter with Direct LCD Drivers 
1-153 


ICL7129A 
Low Noise, 4'12Digit Single-Chip NO 
Converter with Multiplexed LCD Drivers 
1-161 
ICL7135 
4'12Digit NO 
Converter with Multiplexed BCD Outputs 
1-173 
ICL7136 
Low Power, 3'12Digit NO Converter with Direct LCD Drivers 
1-185 
ICL7137 
Low Power, 3'12Digit NO Converter with Direct LED Drivers 
1-193 
D/A 
Converters 
MAX7624 
CMOS 8 Bit Buffered Multiplying 
D/A Converter 
2-41 
AD565A 
High Speed 12 Bit Monolithic 
D/A Converter with Voltage Reference..... 
.. .. . .. .. .. .. . .. 
2-1 
AD566A 
High Speed 12 Bit Monolithic 
D/A Converter 
2-1 
AD7224 
CMOS Double Buffered 8 Bit D/A Converter with Voltage Output Amplifier 
2-9 
AD7225 
CMOS Quad 8 Bit D/A Converter with Voltage Output Amplifier......................... 
2-19 
AD7226 
CMOS Quad 8 Bit D/A Converter with Voltage Output Amplifier......................... 
2-19 
A07520 
CMOS 10 Bit MUltiplying D/A Converter 
2-31 
AD7521 
CMOS 12 Bit Multiplying 
D/A Converter 
2-31 
AD7523 
CMOS 8 Bit Multiplying 
D/A Converter 
2-37 
AD7524 
CMOS 8 Bit Buffered Multiplying 
D/A Converter 
2-41 
AD7528 
CMOS Dual 8 Bit Buffered Multiplying 
D/A Converter 
2-49 
AD7530 
CMOS 10 Bit Multiplying 
D/A Converter 
2-61 
AD7531 
CMOS 12 Bit Multiplying 
D/A Converter 
2-61 
AD7533 
CMOS Low Cost 10 Bit Multiplying 
D/A Converter 
2-65 
AD7541 
CMOS 12 Bit Multiplying 
D/A Converter 
2-71 
AD7541A 
CMOS 12 Bit Multiplying 
D/A Converter 
2-75 
AD7542 
CMOS 12 Bit pP-Compatible 
D/A Converter. 
.. .. .. .. 
. . . .. .. .. 
.. 
.. . 
. .. .. 
2-81 
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AD7543 
CMOS 12 Bit Serial Input D/A Converter 
:............ 
2-89 
AD7545 
CMOS 12 Bit Buffered Multiplying D/A Converter 
2-97 
AD7628 
CMOS Dual 8 Bit Buffered Multiplying D/A Converter 
2-49 


Voltage References 
MAX670 
+10V Precision Kelvin Sensed Reference, 3 ppm/oC 
3-1 
MAX671 
+10V Precision Kelvin Sensed Reference, 1 ppm/oC 
3-1 
MAX672 
+10V Precision Voltage Reference, 5 ppml°C 
3-7 
MAX673 
+5V Precision Voltage Reference, 5 ppm/oC 
3-7 
AD580 
Precision 2.5V Reference 
3-11 
AD581 
Precision 10V Reference 
3-13 
AD584 
Pin Programmable 10V, 7.5V, 5V, 2.5V Precision Voltage Reference 
3-19 
AD2700 
+10 Volt Precision Reference, 3 ppm/oC 
3-25 
AD2701 
-10 Volt Precision Reference, 3 ppm/oC 
3-25 
AD2710 
+10 Volt Precision Reference, 1 ppm/oC 
3-25 
ICL8069 
1.2V Voltage Reference 
3-29 


REF01 
+10V Precision Voltage Reference. 
. . . .. .. .. . . .. .. .. . . . . . . . .. .. .. . . . .. . . 
. .. . . . .. 
3-31 


REF02 
+5V Precision Voltage Reference 
3-31 


'D'ue RItfS-to-DC 
Converters 
AD536A 
True RMS-to-DC Converter 
4-1 
AD636 
True RMS-to-DC Converter 
" . . .. . . .. . .. .. .. .. . . . .. .. .. . . . . . .. 
4-1 


Operational 
Amplifiers 
and Buffers 
MAX400 
Ultra Low Offset Operational Amplifier 
5-1 
MAX420 
±15V Chopper Stabilized Operational Amplifier 
5-5 
MAX421 
±15V Chopper Stabilized Operational Amplifier 
5-5 


MAX422 
Low Power, ±15V Chopper Stabilized Operational Amplifier 
5-5 


MAX423 
Low Power, ±15V Chopper Stabilized Operational Amplifier......................... 
5-5 


MAX430 
±15V Chopper Stabilized Operational Amplifier 
5-17 
MAX432 
Low Power, ±15V Chopper Stabilized Operational Amplifier......................... 
5-17 
MAX450 
10MHz CMOS Video Amplifier 
5-25 


MAX451 
Low Bias Current 10MHz Video Amplifier 
5-25 
MAX452 
50MHz CMOS Video Amplifier 
5-29 
MAX453 
2 Channel Mux'ed 50MHz Video Amplifier 
5-29 


MAX454 
4 Channel Mux'ed 50MHz Video Amplifier 
5-29 


MAX455 
8 Channel Mux'ed 50MHz Video Amplifier 
5-29 
MAX460 
High Accuracy Fast Buffer 
5-37 


AD3554 
Wideband, Fast-Settling Operational Amplifier 
5-43 


BB3553 
Very Fast Buffer Amplifier 
5-95 


BB3554 
Wideband, Fast Settling Operational Amplifier 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
5-43 
ICL7611 
Low Power, Single Operational Amplifier 
5-49 


ICL7612 
Low Power, Single Operational Amplifier 
5-49 


ICL7614 
Low Power, Single Operational Amplifier 
5-49 


ICL7616 
Low Power, Single Operational Amplifier 
5-49 


ICL7621 
Low Power, Dual Operational Amplifier 
5-49 
ICL7622 
Low Power, Dual Operational Amplifier 
5-49 
ICL7631 
Low Power, Triple Operational Amplifier 
5-49 
ICL7632 
Low Power, Triple Operational Amplifier 
5-49 
ICL7641 
Low Power, Quad Operational Amplifier........................................... 
5-49 
ICL7642 
Low Power, Quad Operational Amplifier........................................... 
5-49 
ICL7650/B 
Chopper Stabilized Operational Amplifier 
5-65 
ICL76521B 
Chopper Stabilized Operational Amplifier 
5-75 


LHOO33/A 
Fast Buffer Amplifier 
5-85 
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LHOO63 
Very Fast Buffer Amplifier 
. 


LH0101 
Power Operational Amplifier 
. 


LT1001 
Low Offset Operational Amplifier 
. 


OP07 
Precision Operational Amplifier 
. 


PGA100 
Programmable Gain Amplifier 
. 


Power Supply Circuits 
MAX600 
Low Cost AC-DC Regulator (110/220VAC to 5VDC - 
Full Wave) 
. 


MAX601 
Low Cost AC-DC Regulator (110/220VAC to 5VDC - 
Half Wave) 
. 
MAX602 
Low Cost AC-DC Regulator (8V RMS to 5VDC - 
Full Wave) 
. 


MAX610 
AC-DC Regulator (110/220VAC to 5VDC - 
Full Wave) 
. 


MAX611 
AC-DC Regulator (110/220VAC to 5VDC - 
Half Wave) 
. 


MAX612 
AC-DC Regulator (8V RMS to 5VDC - 
Full Wave) 
. 
MAX630/4193 
CMOS Micropower 
Step-up Switching Regulator 
. 


MAX631 
CMOS +5V Fixed/Adjustable Output Step-up Switching 
Regulator 
. 
MAX632 
CMOS +12V Fixed/Adjustable Output Step-up Switching Regulator 
. 
MAX633 
CMOS +15V Fixed/Adjustable Output Step-up Switching Regulator 
. 


MAX634/4391 
CMOS Micropower 
Inverting Switching Regulator 
. 
MAX635 
CMOS -5V Fixed/Adjustable Output Inverting Switching Regulator 
. 


MAX636 
CMOS -12V Fixed/Adjustable Output Inverting Switching Regulator 
. 


MAX637 
CMOS -15V Fixed/Adjustable Output Inverting Switching Regulator 
. 


MAX638 
CMOS +5V Fixed/Adjustable Step-down Switching 
Regulator 
. 
MAX641 
CMOS +5V Fixed/Adjustable 10 Watt Step-up Switching Regulator 
. 


MAX642 
CMOS +12V Fixed/Adjustable 10 Watt Step-up Switching Regulator 
. 
MAX643 
CMOS +15V Fixed/Adjustable 10 Watt Step-up Switching Regulator 
. 


MAX663 
CMOS +5V/Adjustable Micropower 
Positive Voltage Regulator 
. 


MAX664 
CMOS -5V/Adjustable Micropower 
Negative Voltage Regulator 
. 


MAX666 
CMOS +5V/Adjustable Voltage Regulator with Low Battery Detect 
. 


MAX680 
+5V to ±10V Voltage Converter 
. 


MAX690 
Microprocessor 
Watchdog/Battery 
Switch over/Reset Generator 
. 
MAX691 
Microprocessor 
Watchdog/Battery 
Switch over/Reset Generator 
. 


MAX692 
Microprocessor 
Watchdog/Battery 
Switch over/Reset Generator 
. 


MAX693 
Microprocessor 
Watchdog/Battery 
Switchover/Reset Generator 
. 


MAX694 
Microprocessor 
Supervisory CircuiVBattery 
Switchover/Reset Generator 
. 


MAX695 
Microprocessor 
Supervisory CircuiVBattery 
Switchover/Reset Generator 
. 


MAX696 
Microprocessor 
Supervisory CircuiVBattery 
Switchover/Programmable 
Reset 
. 


MAX697 
Microprocessor 
Supervisory CircuiVProgrammable 
Reset 
. 


MAX8211 
Programmable Voltage Detector 
. 


MAX8212 
Programmable Voltage Detector 
. 
ICL7660 
+5V to -5V Voltage Converter 
. 
ICL7663 
Low Power, Programmable Positive Voltage Regulator 
. 


ICL7664 
Low Power, Programmable Negative Voltage Regulator 
. 


ICL7665 
Low Power Under/Over-voltage 
Detector 
. 


Display Drivers/Counters 
MAX7231 
8 Digit Triplexed LCD Decoder/Driver 
. 


MAX7232 
10 Digit Triplexed LCD Decoder/Driver 
. 


MAX7233 
4 Character Triplexed LCD Decoder/Driver 
. 


MAX7234 
5 Character Triplexed LCD Decoder/Driver 
. 


ICM7211 
4 Digit LCD Decoder/Driver 
. 


ICM7212 
4 Digit LED Decoder/Driver 
. 


ICM7217 
4 Digit LED Presettable Up/Down 
Counter 
. 


ICM7218 
8 Digit Multiplexed LED Decoder/Driver 
. 
ICM7224 
4V2 Digit LCD High Speed Counter/Decoder/Driver 
. 


ICM7225 
4V2 Digit LED High Speed Counter/Decoder/Driver 
. 


..I11"1..IJXI..lIl"I 
III 


5-95 
5-101 
5-113 
5-117 
5-123 


6-1 
6-1 
6-1 
6-5 
6-5 
6-5 


6-17 
6-29 
6-29 
6-29 
6-37 
6-49 
6-49 
6-49 
6-57 
6-65 
6-65 
6-65 
6-73 
6-73 
6-73 
6-81 
6-87 
6-87 
6-87 
6-87 
6-87 
6-87 


6-101 
6-101 
6-113 
6-113 
6-117 
6-125 
6-133 
6-139 


7-1 
7-1 
7-1 
7-1 
7-17 
7-17 
7-33 
7-41 
7-53 
7-53 


ICM7228 
8 Digit LED Display Driver 
7-41 
MM74C945 
4 Digit Up/Down Counter/Decoder/Driver 
7-61 


MM74C947 
4 Digit Up/Down Counter/Decoder/Driver 
7-61 


Timers/Counters 
ICM7240 
Programmable 
RC Timer/Counter................................................. 
8-1 


ICM7242 
Fixed RC Timer/Counter 
8-1 
ICM7250 
Programmable 
RC Timer/Counter................................................. 
8-1 


ICM7260 
Programmable 
RC Timer/Counter................................................. 
8-1 


ICM7555 
Low Power, General Purpose Timer 
8-9 


ICM7556 
Low Power, General Purpose Dual Timer 
8-9 


Interlace 
MAX230 
+5V Powered, Five RS-232 Transmitters with Power Shutdown 
9-1 


MAX231 
+5V and +12V Powered, Dual RS-232 Transmitters and Receivers 
9-1 


MAX232 
+5V Powered, Dual RS-232 Transmitters and Receivers 
9-1 


MAX233 
No External Component 
+5V Powered, Dual RS-232 Transmitters and Receivers 
9-1 


MAX234 
+5V Powered, Quad RS-232 Transmitters 
9-1 


MAX235 
No External Component 
+5V Powered, Five RS-232 Transmitters and Receivers 


with Power Shutdown and Receiver Three-State 
Enable 
9-1 


MAX236 
+5V Powered, Four RS-232 Transmitters and Three RS-232 Receivers 
with Power Shutdown and Receiver Three-State 
Enable 
9-1 


MAX237 
+5V Powered, Five RS-232 Transmitters and Three RS-232 Receivers 
9-1 


MAX238 
+5V Powered, Quad RS-232 Transmitters and Receivers 
9-1 


MAX239 
+5V and +12V Powered, Three RS-232 Transmitters and Five RS-232 Receivers 
with Three-State Receiver Enable 
9-1 


MAX240 
+5V Powered, Five RS-232 Transmitters and Receivers with Power Shutdown 
and 
Receiver Three-State Enable in Plastic Flatpack 
9-1 


MAX241 
+5V Powered, Four Transmitters, Five Receivers with Power Shutdown 
and 
Receiver Three-State Enable in 28 Pin Small Outline 
9-1 


Switched 
Capacitor Filters 
MAX260 
IlP Programmable 
Universal Switch Capacitor 
Filter 
10-1 


MAX261 
IlP Programmable 
Universal Switch Capacitor 
Filter 
10-1 


MAX262 
IlP Programmable 
Universal Switch Capacitor 
Filter 
10-1 


MAX263 
Pin Programmable 
Universal Filter 
10-25 


MAX264 
Pin Programmable 
Universal Filter 
10-25 


MAX265 
Resistor/Pin 
Programmed Universal Active Filter 
10-47 


MAX266 
Resistor/Pin 
Programmed Universal Active Filter 
10-47 
MAX267 
Pin Programmable 
Bandpass Filter 
10-25 


MAX268 
Pin Programmable 
Bandpass Filter 
10-25 


MF10 
Dual Second Order Universal Switch Capacitor Filter 
10-49 


Analog Multiplexers 
MAX310 
RFNideo 8 Channel Multiplexer/Demultiplexer 
11-1 


MAX311 
RFNideo 
Differential 4 Channel Multiplexer/Demultiplexer 
11-1 


MAX358 
Fault Protected 8 Channel Multiplexer.. 
... .. . . .. 
. .. .. .. .. .. 
. . . .. .. .. .. .. .. . . 
11-9 


MAX359 
Fault Protected Differential 4 Channel Multiplexer 
11-9 


DG506A 
16 Channel CMOS Analog Multiplexer 
11-21 


DG507A 
Differential 8 Channel CMOS Analog Multiplexer 
11-21 


DG508A 
8 Channel CMOS Analog Multiplexer 
11-27 


DG509A 
Differential 4 Channel CMOS Analog Multiplexer 
11-27 


HI-508A 
Fault Protected 8 Channel Multiplexer............................................. 
11-9 


Table of Contents (continued) 


HI-509A 
Fault Protected Differential 4 Channel Multiplexer 
. 
IH5108 
See MAX358 
. 
IH5208 
See MAX359 
. 
IH6108 
See DG508A 
. 
IH6116 
See DG506A 
. 
IH6208 
See DG509A 
. 
IH6216 
See DG507A 
. 


Analog 
Switches 


MAX331 
Quad SPST Normally Closed CMOS Analog Switch 
. 
MAX332 
Quad SPST Normally Open CMOS Analog Switch 
. 
MAX333 
Quad SPDT CMOS Analog Switch 
. 
MAX334 
High Speed Break-Before-Make Quad SPST Analog Switch 
. 
MAX341 
Dual SPST High Voltage CMOS Analog Switch 
. 
MAX343 
Dual SPDT High Voltage CMOS Analog Switch 
. 
MAX345 
Dual DPST High Voltage CMOS Analog Switch 
. 


MAX348 
Low Ron Dual SPST High Voltage CMOS Analog Switch 
. 
DG200/A 
Dual SPDT CMOS Analog Switch 
. 
DG201A 
Quad SPST Normally Closed CMOS Analog Switch 
. 


DG202 
Quad SPST Normally Open CMOS Analog Switch 
. 
DG211 
Quad SPST Normally Closed CMOS Analog Switch 
. 
DG212 
Quad SPST Normally Open CMOS Analog Switch 
. 
DG300/A 
TTL Compatible CMOS Analog Switch 
. 
DG301/A 
TTL Compatible CMOS Analog Switch 
. 
DG302!A 
TTL Compatible CMOS Analog Switch 
. 
DG303/A 
TTL Compatible CMOS Analog Switch 
. 
DG304/A 
CMOS Analog Switch 
. 
DG305/A 
CMOS Analog Switch 
. 
DG306/A 
CMOS Analog Switch 
. 
DG307/A 
CMOS Analog Switch 
. 
DG381/A 
General Purpose CMOS Analog Switch 
. 
DG384/A 
General Purpose CMOS Analog Switch 
. 
DG387/A 
General Purpose CMOS Analog Switch 
. 
DG390/A 
General Purpose CMOS Analog Switch 
. 


IH5040 
SPST Normally Open CMOS Analog Switch 
. 
IH5041 
Dual SPST Normally Open CMOS Analog Switch 
. 


IH5042 
SPDT CMOS Analog Switch 
. 
IH5043 
Dual SPDT CMOS Analog Switch 
. 
IH5044 
DPST Normally Open CMOS Analog Switch 
. 
IH5045 
Dual DPST Normally Open CMOS Analog Switch 
. 
IH5048 
Low Charge Injection Dual SPST Normally Open Analog Switch 
. 
IH5049 
Low Charge Injection Dual DPST Normally Open Analog Switch 
. 
IH5050 
Low Charge Injection SPDT Analog Switch 
. 
IH5051 
Low Charge Injection Dual SPDT Analog Switch 
. 
IH5140 
Low Power Fast SPST Normally Open CMOS Analog Switch 
. 
IH5141 
Low Power Fast Dual SPST Normally Open CMOS Analog Switch 
. 


IH5142 
Low Power Fast SPDT CMOS Analog Switch 
. 
IH5143 
Low Power Fast Dual SPDT CMOS Analog Switch 
. 
IH5144 
Low Power Fast DPST Normally Open CMOS Analog Switch 
. 
IH5145 
Low Power Fast Dual DPST Normally Open CMOS Analog Switch 
. 
IH5341 
Dual SPST Normally Open RFNideo Switch 
. 
IH5352 
Quad SPST Normally Open RFNideo Switch 
. 


11-9 
11-9 
11-9 
11-27 
11-21 
11-27 
11-21 


12-1 
12-9 


12-17 
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MAX131 
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MAX136 
MAX138 
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MAX154 
MAX158 
MAX160 
MAX161 
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MAX172 
MAX7129 
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ICL71 06 
ICL7107 
ICL71 09 
ICL7116 
ICL7117 
ICL7126 
ICL7129A 
ICL7135 
ICL7136 
ICLfl;5( 


3'12 Digit AID 
Converter 
with Bandgap 
Reference 
. 


3'12 Digit AID 
Converter 
with Bandgap 
Reference 
. 
3% Digit Digital 
Multimeter 
Circuit 
. 


3% Digit J.lP Compatible 
DMM Circuit 
. 
Low Power 
3'12 Digit AID Converter 
with LCD Display 
Hold 
. 


3'12 Digit AID 
Converter 
with 
Bandgap 
Reference 
and Charge 
Pump Voltage Converter 


3'12 Digit AID 
Converter 
with Bandgap 
Reference 
and Charge 
Pump Voltage Converter 
. 


3'12 Digit AID 
Converter 
with Bandgap 
Reference 
and Charge 
Pump Voltage Converter 
. 


CMOS 
1.3ps 8 Bit AID Converter 
with Voltage Reference 
and Track/Hold 
. 


CMOS 2.0J.lS8 Bit AID Converter 
with 4 Channel 
Multiplexer 
. 


CMOS 
2.0J.lS8 Bit AID Converter 
with 8 Channel 
Multiplexer 
. 
CMOS J.lP Compatible 
4J.1S8 Bit AID 
Converter 
. 


CMOS 
20J.lS8 Bit 8 Channel 
Data Acquisition 
System 
. 


CMOS 
High Speed 3ps 12 Bit AID 
Converter 
with Voltage Reference 
. 


CMOS 
10J.lS12 Bit AID 
Converter 
with Voltage Reference 
. 


4'12 Digit Single-Chip 
AID 
Converter 
with Multiplexed 
LCD Drivers 
. 


High Speed 3ps 12 Bit AID 
Converter 
. 


CMOS 
High Speed 5 & 12J.1S12 Bit AID Converter 
with Voltage Reference 
. 
CMOS J.lP Compatible 
8 Bit AID 
Converter 
. 


CMOS 
8 Bit 8 Channel 
Data Acquisition 
System 
. 


CMOS 
High Speed 8 Bit AID 
Converter 
with Track/Hold 
. 


CMOS 
High Speed 8 Bit AID 
Converter 
with 4 Channel 
Multiplexer 
. 


CMOS 
High Speed 8 Bit AID 
Converter 
with 8 Channel 
Multiplexer 
. 


CMOS 
High Speed 8 Bit AID 
Converter 
with Track/Hold 
. 


3'12 Digit AID 
Converter 
with Direct 
LCD Drivers 
. 


3'12 Digit AID 
Converter 
with Direct 
LCD Drivers 
. 


,12 Bit AID 
Converter 
with Three-State 
Binary 
Outputs 
. 


3'12 Digit AID 
Converter 
with LCD Display 
Hold 
. 


3'12 Digit AID 
Converter 
with LED Display 
Hold 
. 


Low Power, 3'12 Digit AID Converter 
with Direct 
LCD Drivers 
. 


Low Noise, 4'12 Digit Single-Chip 
AID 
Converter 
with Multiplexed 
LCD Drivers 
. 


4'12 Digit AID 
Converter 
with Multiplexed 
BCD Outputs 
. 


Low 'Power, 
3'12 Digit AID Converter 
with Direct 
LCD Drivers 
. 


LOW 
r-UYVt;:I, O/~ 
DI~U. 
Ai/C 
Oo 
ono •. \,oVith 
niror-t I J=n nrivp.rs 
. 
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1-35 
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1-55 
1-55 
1-67 
1-79 
1-87 


1-103 
1-161 
1-107 


1-87 
1-67 
1-79 
1-43 
1-55 
1-55 


1-113 
1-119 
1-119 
1-131 
1-149 
1-149 
1-153 
1-161 
1-173 
1-185 
1-193 


AID Converter Selector 


Integrating 


Part 
Resolution 
Output 
Type 
Supply 
Supply 
Current 
Comments 
Reference 
Page 


Number 
Voltage 
(Typ/Max 
mAl 
No. 


MAX130 
3'/2Digit 
LCD 
+4.5Vto14V 
0.1/0.25 
Replacement 
for 
LowT.C. 
1-1 


±2000 Counts 
ICL7106 
Bandgap 


MAX131 
3 '/2 Digit 
LCD 
+4.5Vto14V 
0.0610.1 
Replacement 
for 
LowT.C. 
1-1 


±2000 Counts 
ICL7136 
Bandgap 


MAX133 
33/4 
Digit 
liP 
+9V 
0.09/0.2 
Digital Multimeters 
External 
1·13 


±4000 Counts 
SOms conversion 


MAXl34 
33/4 
Digit 
liP 
±5V 
0.09/0.2 
IIP/SOms conversion 
External 
1-13 


±4000 Counts 


MAX136 
31/2 
Digit 
LCD 
+9V 
0.0610.15 
Hold function, 
Bandgap 
1-31 


±2000 Counts 
Low power 


MAX138 
31/2 Digit 
LCD 
+225Vto7V 
0210.8 
2 cell battery operation 
LowT.C. 
1-35 


±2000 Counts 
± Signal Input 
Bandgap 


MAX139 
3 '/2 Digit 
LED 
+5V 
0.210.8 
± Inputs (from GND) 
LowT.C. 
1-35 


±2000 Counts 
Bandgap 


MAXl40 
31/2 Di9it 
LED 
+5V 
0210.8 
2-3mAseq 
I 
LowT.C. 
1-35 


±2000 Counts 
Bandgap 


ICL7106 
3'/2Digit 
LCD Drive 
+9V 
0.611.8 
Digital multimeters 
Zener 
1-119 


±2000 Counts 


ICL7107 
3112 Digit 
LED Drive 
+9V 
0.611.8 
Digital Panel Meters 
Zener 
1-119 


±2000 Counts 


ICL7109 
12 Bits + Sign 
8116 bit liP 
±5V 
0.7/1.5 
3-state Binary 
Zener 
1-131 


±4096 Counts 
anUART 
Up to 30 conversion/see 


ICL7116 
31/2 Digit 
LCD 
+9V 
0.811.8 
Same as ICL71 06, but 
Zener 
1-149 


±2000 Counts 
adds Hold Function 


ICL7117 
31/2 Digit 
LED 
±5V 
0.811.8 
Same as ICL71 07, but 
Zener 
1-149 


±2000 Counts 
adds Hold Function 


ICL7126 
31/2 Digit 
LCD 
+9V 
0.610.1 
Use ICL7136 for new 
Zener 
1-153 


±2000 Counts 
designs 


MAX7129 
4 '/2 Digit 
Triplexed 
+9V 
1.011.4 
DPMs, Instruments 
External 
1-161 


ICL7129A 
±20,OOO Counts 
LCD 
Lowest Noise AID- 


3IIV (7129A) 


ICL7135 
4112 Digit 
Multiplexed 
±5V 
1.0/2.0 
DMM, DPM, Data 
External 
1-173 


±20,OOO Counts 
BCD 
Loggers 


ICL7136 
31/2 Digit 
LCD 
+9V 
0.0610.1 
Low Power version of 
Zener 
1-185 


±2000 Counts 
ICL71 06, Very Low Noise 


ICL7137 
3112 
Digit 
LED 
±5V 
0.0610.2 
Low Power when LED 
Zener 
1-193 


±2000 Counts 
display turned off 


AID Converters 
SAR and Half·Flash 


Part 
Resolution 
Integral 
Conversion 
Supply 
Input 
Features 
Reference 
Page 
Number 
Linearity 
Time 
Voltage 
Range 
No. 


MAXI50 
8 bits 
1/2LSB 
1.~ 
+5V 
+5V 
TrackIHold 
Internal 
1-43 


MAXI54 
8 bits/4 ch 
1/2 LSB 
2IJs 
+5V 
+5V 
TrackIHold 
Internal 
1-55 
MAXI58 
8 bits/8 ch 
'/2LSB 
2IJs 
+5V 
'+5V 
TrackIHold 
Internal 
1-55 


MAXI60 
8 bits 
1/2LSB 
41'S 
+5V 
±15V 
FastAD7574 
1-67 
MAX161 
8 bits/8 ch 
112LSB 
20flS 
+5V 
±15V 
FastAD7581 
External 
1-79 
Dual port RAM 


MAX162 
12 bits 
112LSB 
3.25f1S 
+5V/-12V 
+5V 
FastAD7572 
Internal 
1-87 
MAXI72 
12 bits 
1/2 LSB 
IOflS 
+5V/-12V 
+5V 
Low cost 
Internal 
1-103 


AD578 
12 bits 
1/2LSB 
3f1S 
±15V 
±10V 
ParalleVSerial 
Onboard 
1-107 
Output 


ADC0820 
8 bits 
'/2LSB 
1.4I'S 
+5V 
+5V 
Half-Rash, 
1-113 
Internal Clock 
TrackIHold 


AD7572 
12 bits 
112LSB 
5f1S 
+5V/-15V 
+5V 
Internal 
1-87 


AD7574 
8 bits 
1/2LSB 
15f1S 
+5V 
±15V 
Analog VIN > 
External 
1-67 


VsuPP 
III 


AD7581 
8 bits 
1/2LSB 
66.6f1S 
+5V 
±15V 
8 byte RAM 
External 
1-79 


AD7820 
8 bits 
1/2LSB 
1.~ 
+5V 
+5V 
Half-Rash 
External 
1-43 
AD7824 
8 bits/4 ch 
1/2LSB 
2.0flS 
+5V 
+5V 
4 Channels 
External 
I-55 
AD7828 
8 bits/8 ch 
'/2LSB 
2.0flS 
+5V 
+5V 
8 Channels 
External 
1-55 


______ 
Analog/Digital 
Converter Terminology 


Absolute 
Accuracy: 
The 
difference 
between 
the 


ideal expected 
ADC output code and the actual out- 
put for a specified 
input or range of inputs. 


Analog-To-Dlgltal 
Converter: 
Also 
ADC. 
A/D, 
and 
A-to-D. A device which translates an analog signal to 
a digital code. 


Bipolar: Describes an ADC input range covering posi- 
tive and negative input signals, +V to -v inputs. 


Differential 
Inputs: 
Allow 
an ADC 
to 
measure 
the 
difference 
between two input signals. Improves noise 
rejection 
and simplifies 
connections 
to tranducers 
by 
reducing external circuitry. 


Flash 
ADC: 
A type 
of 
ADO 
where 
a number 
of 
comparators 
simultaneously 
compare 
the analog in- 
put 
to 
a number 
of 
reference 
voltages. 
Decoding 
logic generates an output code based on the compar- 
ator 
decisions. 
The 
main 
advantage 
is very 
high 
conversion 
speed. 


Full-Scale 
Error: Also Gain Error. The difference 
be- 


tween 
the actual 
and 
ideal ADC 
output 
for a Full- 
Scale input. Expressed in % of FSR. or LSBs. 


Integrating 
ADC: 
A type of ADC where the analog 


input is integrated 
over a specified time. A deintegra- 
tion 
cycle 
then 
gates 
a digital 
counter 
so that 
its 
accumulated 
total is proportional 
to the input voltage. 


Advantages 
included 
high resolution, 
noise rejection 
and linearity. 


Least Significant 
Bit (LSB): The ADC digital 
output 
bit that has the smallest weight. Also the analog input 
change that causes an output 
code change of 1. As 
an analog 
quantity, 
1 LSB = FSR x 2-N, where N is 
the number of ADC output bits. 


Linearity: 
Also Nonlinearity 
and Integral Nonlinearity. 
See Relative Accuracy. 


Most Significant 
Bit (MSB): The ADC digital 
output 
bit that has the largest weight. 


No Missing 
Codes: Describes a property 
of an ADC 
whereby every possible output code can be obtained 
by "sweeping" 
through 
the analog 
input range. It is 
similar to Monotonicity 
in DACs. 


R·2R Ladder: 
A resistor 
network 
used to generate 
binarily 
weighted 
currents 
or voltages 
in Successive 
Approximation 
Analog-to-Digital 
Converters. 


Ratlometrlc 
Conversion: 
Where the unknown 
input 
signal is derived from a reference voltage that is also 
used as the 
reference 
for the ADC. 
Eliminates 
the 
need for a precision 
reference source since the trans- 
fer function 
is independent 
of the reference 
value. 


Commonly 
employed 
with strain gauges. 


Relative Accuracy: 
(or End-Point 
Nonlinearity) 
The 
maximum 
deviation from a straight 
line which passes 
through 
the endpoints 
of the ADC transfer 
function 
(Zero and Full Scale). It is expressed 
in % or ppm of 


the Full Scale Range (FSR) or in LSBs. 


Resolution: 
The 
number 
of 
counts 
that 
an 
ADC 
divides the input signal. Expressed in number of bits. 
An ADC with N-bit resolution 
divides its input range 
into 2N steps. 


Rollover 
Error: 
For an ADC 
with 
a Bipolar 
Input 
Range, the output difference for inputs of equal mag- 
nitude 
but opposite 
polarity. Specified 
in Counts 
or 
LSBs. 


Sample-Hold: 
Also Track-and-Hold. 
A device which 
takes a "snap shot" of an analog signal 
so that it is 
held 
stationary 
for 
an NO 
Conversion. 
Generally, 


Sample-Holds 
are only required 
for Successive 
Ap- 


proximation 
ADCs which require that the input signal 
be'h 
LSB stable during the conversion 
time. 


Successive 
Approximation 
ADC: 
A 
type 
of 
ADC 
where the analog 
input 
is subject 
to a sequence 
of 
comparisons 
with 
binarily 
weighted 
references 
to 
determine output code. The input is first compared 
to 
a reference of 'h Full Scale. The MSB will be 1 if the 
input 
is greater, and 0 if it is less. This result deter- 
mines if the input is then compared 
to V. FS or 'Y. FS 
for the next bit. The tests continue 
until all bits are 
determined. 
Advantages 
are speed 
combined 
with 
high resolution. 


Temperature 
Coefficient: The variation of a parameter 


(such 
as Zero 
Error, Full Scale Gain. 
or Linearity) 
with 
ambient 
temperature. 
Specified 
in 
%/oC 
or 
ppm/oC. 


Total Unadjusted 
Error: Includes 
Full Scale, Relative 
Accuracy, 
and Zero Code Error specifications. 
The 
Maximum 
output 
deviation 
from the ideal expected 
values. 
Specified 
in LSBs or % of FSR at a fixed 


reference voltage. usually +10V. 


Unipolar: 
Describes 
an ADC 
input 
range 
covering 
one polarity of signal, either 0 to +V or 0 to -v input. 


Zero Error: Also Offset Error. The ADC output 
code 
for an input of OV. 


INTRODUCTORY 


_______ 
Genera' Description 


The MAX130 and MAX131 are 3% digit NO converters 
with 
onboard 
LCD display 
drivers. 
The MAX130 and 
MAX131 
use 
a bandgap 
reference 
to 
generate 
an 
analog 
Common 
voltage 
which 
has the excellent 
long 
term stability 
of a bandgap 
reference 
and a guaranteed 
maximum 
temperature 
coefficient 
of 100ppm/oC. 
For 
more demanding 
applications 
the "A suffix" 
parts, the 
MAX130A 
and MAX131A, 
have a 50ppm/oC 
maximum 


temperature 
coefficient. 


The 
MAX130 
uses the same 
circuit 
and 
component 
values 
as the ICL7106, 
but draws a maximum 
supply 
current 
of only 250/lA maximum 
(100/lA typical) 
from 


a 9V battery, 
much 
lower than the 1800/lA maximum 


supply 
current 
of the ICL7106. The MAX131 uses the 
same circuit 
and component 
values 
as the 
ICL7136, 


with 
a 
maximum 
supply 
current 
of 
100/lA 
(65/lA 


typical). 


These 
devices 
are available 
with 
both 
0° C to 70° C 
and 
-40°C 
to +85°C 
operating 
temperature 
ranges. 
The operating 
voltage 
range 
is from 
4.5V to 14V. 
__________ 
Applications 


Digital 
Multimeters 


Digital 
Panel Meters 


Temperature 
Meters 


pH Meters 


/vl/JXI 
.••••..• 
1 


MAX130 
MAX131 


~~I~JXI~~1 
3% Digit A/D 
Converters 
with Bandgap Reference 
____________ 
Features 


• 
Pin Compatible 
Upgrade 
for ICL7106 and ICL7136 


• 
High 
Stability 
Bandgap 
Reference 


• 
50ppm/oC 
Maximum 
Temperature 
Coefficient 
{MAX130AlMAX131A) 


• 
100/lA Maximum 
Supply 
Current 
(MAX131) 


• 
4.5V to 14V Supply 
Voltage 
Range 


• 
Onboard 
3% Digit 
LCD 
Display 
Driver 


• 
Available 
in Industrial 
Temperature 
Grades 


PART 
TEMP. RANGE 
PACKAGE 


MAX130CPL 
O·C to +70·C 
40 Lead Plastic DIP 


MAX130COH 
O·C to +70·C 
44 Lead Plastic 
Chip Carrier 


MAX130C/D 
O·C to +70·C 
Dice 


MAX130EPL 
-40·C 
to +85·C 
40 Lead Plastic DIP 


MAX130EOH 
-40·C 
to +85·C 
44 Lead Plastic 
Chip Carrier 


MAX130ACPL 
O·C to +70·C 
40 Lead Plastic DIP 


MAX130ACOH 
O·C to +70·C 
44 Lead Plastic 
Chip Carrier 


MAX130AEPL 
-40·C 
to +85·C 
40 Lead Plastic DIP 


MAX130AEOH 
-40·C 
to +85·C 
44 Lead Plastic 
Chip Carrier 


MAX131CPL 
O·C to +70·C 
40 Lead Plastic DIP 


MAX131COH 
O·C to +70·C 
44 Lead Plastic 
Chip Carrier 


..",111..",JX • ..",.". 
Maxim In,..,,,,,.,, 
Product. 
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with Bsndgsp Reference 


ABSOLUTE 
MAXIMUM 
RATINGS 


Supply 
Voltage 
(V· to V') 
15V 
Analog 
Input 
Voltage 
(either 
input) 
(Note 
1) 
V· to V' 
Reference 
Input 
Voltage 
(either 
input) 
V· to V' 
Clock 
Input 
TEST 
to V· 


Power 
Dissipation 
(Note 
2) 
CERDIP 
Package 
1000mW 
Plastic 
Package 
..........................•.... 
800mW 


Operating 
Temperature 
Range 
MAX130C/AC, 
MAX131C/AC 
O°C to +70°C 


MAX130E/AE, 
MAX131 E/AE 
-40°C 
to +85°C 


Storage 
Temperature 
Range........... 
-65°C 
to +160°C 


Lead 
Temperature 
(Soldering, 
10 sec.) 
+3OO°C 


Note 
1: 
Input 
voltages 
may 
exceed 
the 
supply 
voltages, 


provided 
the 
input 
current 
is limited 
to ±1OOpA. 


Note 2: 
Dissipation 
rating 
assumes 
device 
is mounted 
with 


all leads 
soldered 
to printed 
circuit 
board. 


Stresses above those listed under "Absotute Maximum Ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of tha device at these or any other conditions above those indicated in the operational sections of the specification is not 
implied. Exposure to absolute Maximum ratings conditions for extended periods may affect the device reliability. 


ELECTRICAL 
CHARACTERISTICS 
(MAX130, MAX130A) 


(V· = 9V, TA = 25°C, 
fCLOCK 
= 48kHz; 
test circuit 
- Figure 
1; unless 
noted) 


PARAMETERS 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Zero 
Input 
Reading 
V,N = O.OV,Full Scale 
= 2oo.0mV 
TA = 25°C 
(Note 
3) 
-000.0 
±000.0 
+000.0 
Digital 
T MIN to TMAX (Note 
4) 
-000.0 
±000.0 
+000.0 
Reading 


Ratiometric 
Reading 
V,N = VREF' 
VREF 
= 100mV 
TA = 25°C 
(Note 
3) 
999 
99911000 
1000 
Digital 
T MIN to T MAX (Note 
4) 
998 
999/1000 
1001 
Reading 


Rollover 
Error 
(Difference 
in 
-V1N = +V,N 
"" 2oo.0mV 
reading 
for equal 
positive 
and 
TA = 25°C 
(Note 
3) 
-1 
±.2 
+1 
Counts 
negative 
reading 
near Full Scale) 
T MIN to T MAX (Note 
4) 
±.2 


Linearity 
(Max. 
deviation 
from 
best 
Full Scale 
= 2oo.0mV 
-1 
±.2 
+1 
Counts 


straight 
line fit) 
or full 
scale 
= 2.OOOV(Note 
5) 


Common 
Mode 
Rejection 
Ratio 
VCM = ±1V, 
V1N = OV 
Full Scale 
= 2oo.0mV 
50 
pVN 


Noise 
(Pk-Pk 
value 
not exceeded 
V,N = OV 
95% of time) 
Full Scale 
= 2oo.0mV 
15 
pV 


Input 
Leakage 
Current 
V,N = 0 
TA = 25°C 
(Note 
3) 
1 
10 
pA 
TMrN 
to T MAX 
20 
200 


Zero 
Reading 
Drift 
V,N = 0 
T MIN to T MAX (Note 
3) 
0.2 
pvrc 


Scale 
Factor 
Temperature 
V,N = 199.0mV 
Coefficient 
TM1N to TMAX 
1 
ppm/oC 


(Ext. Ref. Oppm/OC) 
(Note 
3) 
. 


y+ Supply 
Current 
V,N = 0 
TA = 25°C 
100 
250 
pA 


T MIN to T MAX 
400 


Analog 
Common 
Voltage 
(with 
25kO 
between 
Common 
& Pos. Supply 
2.95 
3.05 
3.15 
V 
respect 
to Pos. Supply) 


Temp. 
Coeff. 
of Analog 
Common 
25kO 
between 
Common 
MAX130 
±20 
±1oo 
ppmrC 
(with 
respect 
to Pos. Supply) 
& Pos. Supply 
(Note 
7) 
MAX130A 
±20 
±50 


Pk-Pk 
Segment 
Drive Voltage, 
V·toV'=9V 
4 
5 
6 
V 
Pk-Pk 
Backplane 
Drive Voltage 


Test Pin Voltage 
With 
Respect 
to V· 
4 
5 
6 
V 


3% Digit A/D 
Converters 
with Bandgap Reference 


ELECTRICAL 
CHARACTERISTICS 
(MAX131, MAX131A) 
(V' = 9V, T A = 25°C. 
fCLOCK = 48kHz; 
test circuit 
- Figure 
2; unless 
noted) 


PARAMETERS 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Zero 
Input 
Reading 
V1N = O.OV,Full Scale = 2oo.0mV 
TA = 25°C 
(Note 
3) 
-000.0 
±COO.O 
+000.0 
Digital 


T MIN to T MAX 
(Note 
4) 
-000.0 
±000.0 
+000.0 
Reading 


Ratiometric 
Reading 
V1N = VREF' 
VREF = 100mV 
TA = 25°C 
(Note 
3) 
999 
999/1000 
1000 
Digital 


T MIN to T MAX 
(Note 
4) 
998 
999/1000 
1001 
Reading 


Rollover 
Error 
(Difference 
in 
-V1N = +V1N E!! 2OO.0mV 
reading 
for equal 
positive 
and 
TA = 25°C 
(Note 
3) 
-1 
±.2 
+1 
Counts 
negative 
reading 
near Full Scale) 
T MIN to T MAX 
(Note 
4) 
±.2 


Linearity 
(Max. 
deviation 
from 
best 
Full Scale = 2OO.0mV 
-1 
±.2 
+1 
Counts 
straight 
line fit) 
or full 
scale = 2.OOOV(Note 
5) 


Common 
Mode 
Rejection 
Ratio 
VCM = ±1V, V1N = OV 
1 
IlVN 
Full Scale = 2OO.0mV 


Noise 
(Pk-Pk 
value 
not exceeded 
V1N = OV 
95% of time) 
Full Scale = 2OO.0mV 
10 
IlV 


Input 
Leakage 
Current 
V1N = 0 
TA = 25°C 
(Note 
3) 
1 
10 
pA 
TM1N to TMAX 
200 


Zero 
Reading 
Drift 
V1N = 0 
T MIN to T MAX 
(Note 
3) 
0.2 
IlWoC 


Scale 
Factor 
Temperature 
V1N = 199.0mV 
Coefficient 
TM1N to TMAX 
1 
ppmJOC 
(Ext. Ref. Oppm/oC) 
(Note 
3) 


v+ Supply 
Current 
V1N = 0 
TA = 25°C 
60 
100 
IlA 
TM1N to TMAX 
120 


Analog 
Common 
Voltage 
(with 
250kCl between 
Common 
& Pos. Supply 
2.95 
3.05 
3.15 
V 
respect 
to Pos. Supply) 


Temp. 
Coeff. 
of Analog 
Common 
250kCl between 
Common 
MAX131A 
±20 
±50 
ppm/oC 
(with 
respect 
to Pos. Supply) 
& Pos. Supply 
(Note 
7) 
MAX131 
±20 
±1oo 


Pk-Pk 
Segment 
Drive Voltage, 
v+ to It = 9V 
4 
5 
6 
V 
Pk-Pk 
Backplane 
Drive Voltage 


Test Pin Voltage 
With 
Respect 
to v+ 
4 
5 
6 
V 


Note 3: 
Note 4: 
Note 5: 
Note 6: 


Test condition 
is V1N applied 
between 
pin IN-HI and IN-LO through 
a 1MCl series resistor 
as shown 
in Figures 
1 and 2. 


1MCl resistor 
is removed 
in Figures 
1 and 2. 


Guaranteed 
by design. 


All pins are designed 
to withstand 
electrostatic 
discharge 
(ESD) levels in excess 
of 2OOOV.(Test circuit 
per Mil Std 883, 


Method 
3015.1.) 
MAX130 
and MAX131 temperature 
coefficient 
is guaranteed 
by sample 
testing. 
MAX130A 
and MAX131A 
temperature 
coefficient 
is 100% tested. 


•• 
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O.lpf 
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_______ 
Basic Applications 


Figures 
1 and 2 show the basic MAX130 and MAX131 
applications 
circuits. 
Note 
that 
the 
circuits 
for 
the 
MAX130 and the MAX131 use different 
values for the 
integration 
and oscillator 
components. 
The 
MAX130 
can operate 
using the MAX131 component 
values, but 
the MAX131 will 
not operate 
using the MAX130 com- 
ponent 
values. 
The lower 
supply 
current 
device, 
the 
MAX131, must always 
use the higher 
value integrator 
resistor 
as shown 
in component 
value table in Figure 
2. With 
a typical 
operating 
current 
of only 
65pA, the 
MAX131 
will 
operate 
for 
about 
8500 
hours 
when 
powered 
by a typical 
550mAhr 
alkaline 
9V battery. 


The 
MAX130 
will 
operate 
for 
2200 
hours 
with 
a 
550mAhr 
battery. 


Compatibility 
with 


_____ 
'CL7106 and ICL7136 


The 
MAX130 
and 
MAX131 
can 
directly 
replace 
the 


ICL7106 
and 
ICL7136 with 
no circuit 
layout 
or com- 
ponent 
value changes 
in circuits 
which 
are designed 


to 
use 
the 
Common 
voltage 
as the 
reference. 
In 


ICL710617136 circuits 
which 
are designed 
to use an 
external 
bandgap 
reference, 
the 
bandgap 
reference 
diode 
can 
be removed 
with 
no circuit 
changes 
re- 
quired. 
Normally 
the value of the resistor 
between 
V+ 


and the bandgap 
reference 
diode 
is the only compo- 
nent value that must be changed 
to allow the removal 
of an external 
bandgap 
reference 
diode. 


FULL 
SCALE 
INPUT 


200.0 mV 
2V 


Figure 
1. Maxim 
MAX130 
Typical Operating 
Circuit, 
3 


Conversions 
per Second 


_____ 
System Reference Point 


The analog 
block 
diagram 
(Figures 
3) of the MAX130 


is similar 
to that of the MAX131 (Figure 
4). The only 


difference 
is the voltage 
at the non-inverting 
terminal 


of 
the 
integrator 
during 
the 
de-integrate, 
autozero 


and zero 
integrator 
phases. 
The 
MAX130 
drives 
the 


non-inverting 
terminal 
of 
the 
integrator 
with 
the 


Common 
pin during these phases, as does the ICL7106. 


The MAX131 uses the In Lo pin as the reference 
point 


for the integrator 
during 
all phases, 
as does Maxim's 


ICL7136. 


The circuit 
configuration 
of the MAX131 results 
in an 


excellent 
120dB rejection 
of DC common 
mode volt- 


ages applied 
to In Hi and In Lo. The MAX131 configu- 


ration, 
though, 
does 
not 
have good 
rejection 
of AC 


noise 
on the 
In Lo pin 
during 
de-integration. 
If an 


AC-DC 
converter 
is used 
with 
a MAX131 
it should 


either 
be a half-wave 
circuit 
(leaving 
In Lo connected 


to 
Common) 
or 
should 
have 
adequate 
filtering 
to 


avoid 
inducing 
additional 
noise. 


The circuit 
configuration 
of the MAX130 is unaffected 


by AC noise on the In Lo pin during 
de-integrate, 
but 


the rejection 
of DC common 
mode 
signals 
on In Hi 


and 
In 
Lo 
is only 
about 
86dB, 
the 
same 
as the 


ICL7106. 
The input 
voltage 
at the MAX130 
In Lo pin 


should 
be restricted 
to no more 
than 
1V above 
the 


Common 
pin. 


FULL 
SCALE 
INPUT 


200.0 mV 
2V 


Figure 
2. Maxim 
MAX131 Typical Operating 
Circuit, 


3 Conversions 
per Second 
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______ 
Detlllled Description 
Con"e",'on 
IIethod 


The MAX130 and MAX131 use the dual-slope 
integra- 
tion 
method 
of conversion, 
with 
the 
addition 
of an 
autozero 
phase 
to compensate 
for the offset 
of the 
buffer 
and 
integrator, 
and 
the 
addition 
of 
a zero 
integrator 
phase 
to ensure 
rapid 
recovery 
from 
an 
overrange 
conversion. 
Refer to the ICL7106 data sheet 
for 
a detailed 
description 
of the 
conversion 
phases 
and timing. 


The 
conversion 
result 
is 1000 x (In 
Hi-In 
Lo)/(Ref 
Hi-Ref 
Lo), 
with 
a maximum 
conversion 
result 
of 
±1999. 
If the input 
voltage 
is greater 
than full scale, 
the 
MAX130 
and 
MAX131 will 
blank 
the 
lower 
three 
digits, 
and will display 
the leading 
"1" digit 
and, if the 
input 
voltage 
is negative, 
will also turn 
on the Minus 
segment. 


IIAX130 
end IIAX131 
Common Pin Vol",.,e Reference 


The Common 
voltage 
of the MAX130 and MAX131 is 
derived 
from 
a bandgap 
reference, 
unlike 
earlier 
de- 
vices which 
derive the Common 
voltage 
from a zener. 


The 
MAX130/131 
bandgap 
reference 
eliminates 
the 
excessive 
long term drift 
associated 
with low current 
zeners, 
and 
the 
MAX130/131 
can 
a be source 
of a 
high 
quality 
reference 
voltafije 
without 
the 
use 
of 
external 
bandgap 
reference 
diodes. 
The MAX130/131 
Common 
voltage 
does have slightly 
more 
wideband 
noise 
than 
does 
a zener-derived 
Common 
voltage, 


but a 0.1pF or greater 
reference 
capacitor 
will reduce 
the 
bandwidth 
sufficiently 
to virtually 
eliminate 
the 
noise. 


The 
long 
term 
stability 
of the 
common 
voltage 
is 
approximately 
0.01% 
(100ppm 
or 
1/5 
count). 
The 
temperature 
coefficient 
of the 
each 
MAX130A 
and 
MAX131A 
device 
is individually 
tested at 25°C, at the 
minimum 
operating 
temperature, 
and at the maximum 
operating 
temperature. 
The maximum 
allowable 
tem- 
perature 
coefficient 
from 
25°C 
to either 
temperature 
extreme 
is 50ppm/oC. 
The MAX130 and MAX131 de- 
vices without 
the A suffix 
are sample tested to ensure 
a maximum 
temperature 
coefficient 
of 1ooppm/oC. 


The MAX130/131 
Common 
voltage 
is buffered 
by an 
op amp which 
has an output 
impedance 
of 1 ohm and 
up to 2mA 
output 
sink 
current, 
and 
a short 
circuit 
current 
of approximately 
35mA. The Common 
pin has 
a small pullup 
current 
of 1pA typical, 
and if desired 
it 
can 
be driven 
to 
a voltage 
more 
negative 
than 
its 
internally 
generated 
voltage 
by 
overpowering 
the 
pullup 
current 
source. 


Since 
the 
MAX130/131 
Common 
voltage 
is derived 
from 
a bandgap 
reference, 
it remains 
at a relatively 
constant 
voltage 
until V· drops to less than 4V, unlike 
the 
ICL7106 
and 
ICL7136 
Common 
voltage 
which 
starts to fall once V· drops to around 
7V. The PSRR of 
Common 
is 0.1mVN 
(80dB) 
typical 
for a V· voltage 
change 
of 9V to 4.5V. 


The Common 
voltage 
is trimmed 
to 3.05V ± 100mV. 


This 
is significantly 
more 
accurate 
than 
the 2.4V to 


3.2V span allowed 
in the ICL7106. The better voltage 


accuracy 
allows the trim range of the reference 
voltage 


to 
be 
reduced, 
increasing 
resolution 
and 
ease 
of 


adjustment. 


IIAX130 
snd MAX131 
Test Voltsge 


The MAX130/131 internally 
generate 
a supply 
which 
is 


4V to 6V below 
V·. This 
voltage 
powers 
the 
digital 


logic section, 
including 
the LCD display driver section. 


This internal 
test voltage 
is coupled 
to the Test pin via 


a 500 ohm resistor. 
See Figure 
5. Test pin is suitable 


for powering 
external 
low power CMOS circuitry 
such 


as the decimal 
point 
and annunciator 
driver 
circuits 


shown 
in Figure 
6. 


Oscillstor 


The MAX130 and MAX131 oscillator 
circuit 
is shown 


in Figure 
5. The oscillator 
is divided 
by 4 to generate 


the 
system 
clock, 
and 
each 
conversion 
takes 
4000 


system 
clock 
cycles 
or 16,000 oscillator 
cycles. 
The 


integration 
period 
is 1000 system clock 
cycles or 4000 


oscillator 
cycles. 
For maximum 
rejection 
of normal 


mode AC signals 
the integration 
period 
should 
be an 


integer 
multiple 
of 
the 
interfering 
signal. 
A 40kHz 


oscillator 
frequency 
will 
reject 
both 
50Hz and 60Hz 


since this sets the integration 
period 
equal to 6 cycles 


of 60Hz and 5 cycles 
of 50Hz. Either a 50pF or 100pF 


oscillator 
capacitor 
can 
be used and 
the 
resistor 
is 


calculated 
from 
the equation 
f = OAO/RC. 


In Lo snd In HI Dlfferentisl 
Inputs 


These ND converters 
measure the differential 
voltage 


between 
In Lo and 
In Hi. The MAX130 
has a typical 


common 
mode rejection 
ratio (CMRR) 
of 86dB; while 


the MAX131 has a typical 
CMRR 
of 120dB. 


In Hi has a guaranteed 
maximum 
input leakage current 


of 
only 
10pA, 
and 
can 
be directly 
driven 
by 
high 


source 
impedances 
such as pH sensors and by the 10 


Megohm 
input 
impedance 
attenuators 
normally 
used 


in digital 
multimeters. 
Both 
In Hi 
and 
In 
Lo 
have 


protection 
clamp 
diodes 
to V· 
and 
V-. If the 
input 


voltage 
can go above 
V· or below 
V- then 
the input 


currents 
should 
be limited 
to less than 1mA to prevent 


damage 
to the A/D. 


The 
MAX130 
and 
MAX131 
common 
mode 
voltage 
range for In Hi and In Lo is a minimum 
of ±1V around 
Common. 
Under some circumstances, 
In Hi and In Lo 
can range from 
V- + 1.5V to V· - 1.5V. See "Common 


Mode 
Voltage 
Range 
Considerations" 
section 
of the 


Application 
Notes for further 
information. 


Reference 
snd CREF Pins 


As shown 
in the 
analog 
block 
diagrams, 
Figures 
3 


and 4, Ref Hi and Ref Lo are connected 
to the CRIi'F 


pins 
during 
autozero 
and 
zero 
integrate 
phases 
via 


analog 
switches. 
This 
charges 
an external 
reference 


capacitor, 
which 
is then used as either 
a positive 
or a 
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Figure 
5. MAX130/131 
Digital 
Section 
and Oscillator 


negative reference voltage as needed during the de- 
COmponenf Selection 
integration 
phase. The common 
mode voltage range 
Int-rator 
Ra./stor, R.••• 
(CMVR) of Ref Hi and Ref Lo is V+to V--any 
voltage 
_., 
•••• 
between V+ and V- can be used to drive the Ref Hi 
The MAX130 integrator 
and buffer amplifiers 
hav~ a 
and Ref Lo inputs. The differential 
voltage 
between 
class A output stage which can deli~er up to 6J.lA :'11th 
Ref Hi and Ref Lo sets the full scale voltage. A full 
high linearity. Normally, the MAX130 Integrator ~eslstor 
scale output 
of ±1999 counts 
occurs 
with an input 
is chosen to set the maximum current to approximately 
voltage of ±1.999 times the differential voltage between 
4J.lA by setting 
its value to 2 x VRE~4J.lA. For a 1V 
Ref Hi and Ref Lo. If the differential 
reference voltage 
reference 
the correct 
value is 4701<0. For a 100mV 
is 1.0V the full 
scale 
input 
voltage 
is 1.999V. With 
reference the correct value is 47kO. Since the absolute 
100mV reference the full scale input voltage is 199.9mV. 
value of RINT does not affect the c~nversion. ~ccuracy, 
the type of resistor used for RINT 
IS not cntlcal. 
LCD DI.play Dr/".r 
Output. 
The MAX131 integrator 
and buffer 
also have up to 
The MAX130 and MAX131 LCD display driver outputs 
4J.lA 
of output 
current 
capability, 
with 
a maximum 
swing from V+ to the Test pin voltage at a freql!ency 
output 
current 
of 
1.1J.lA 
being 
the 
recommended 
20 times the conversion 
rate (50Hz for an OSCillator 
operating 
point. For 1V reference (2V full scale). RINT 
frequency 
of 40kHz and conversion 
rate of 2.5 times 
should 
be 1.8MO. Use 180kO for RINT when using a 
per second). The output 
impedance is approximately 
100mV reference (200mV full scale). 


3kO. The LCD display driver outputs 
are non-multi- 


plexed 
or direct 
drive. and drive 
in-phase 
with the 
Integrator Capacitor 
backplane 
output 
to turn 
an LCD segment 
off and 
The integrator 
capac!tor 
is no~inally. poly~ropylene. 
drive 180' out of phase with the backplane output to 
which has low dielectnc absorption. 
Dlelectnc absor~ 
turn an LCD segment on. 
tion will cause integral linearity errors. For example, If 
The BP or Backplane output has an output impedance 
polyester 
or Mylar 
is .used. the ~easured 
value of 
of 5000. 
The 
LCD drive 
waveforms 
are 50% duty 
inputs near full scale Will be approximately 
0.1% l.ower 
cycle with matched rise and fall times to minimize the 
than expected. while the measured value of low Input 
DC component 
across the LCD display. 
voltages will be as expected. 
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If t~e value of the integrator 
capacitor 
or integrator 


resistor 
IS too low, ±full 
scale inputs 
will cause the 


Integrator 
to saturate as it attempts to drive above V+ 


or 
below 
V-. If this 
occurs, 
operation 
will 
appear 


normal 
for 
low 
Input 
voltages, 
but the 
conversion 


results for higher output voltages will be less than full 
scale. 


Very low integrator 
swing will increase the amount of 


noise 
or 
"flicker" 
of 
the 
conversions. 
A full 
scale 


intewator 
swing 
of ±1 V is sufficient 
to avoid 
any 


Significant degradation 
of the noise performance, 
and 


should 
be used for operation 
with a 5V supply. 


Reference Capacitor 


For most circuits 
a reference capacitor 
value of 0.1tJF 


IS adequate. 
However, 
a larger 
value 
is needed 
to 


prevent rollover error if there is significant 
stray capa- 


citance at the reference capacitor 
terminals. 
Minimize 


the 
stray 
capacitance 
on 
the 
reference 
capacitor 


!erminals to reduce the rollover error, and if necessary, 
Increase the reference capacitor 
value to 1.0tJF. 


The printed circuit 
board should be carefully 
cleaned 


to minimize leakage at the CRI;F terminals since leakage 
will cause both gain and rollover 
errors. 
Due to the 


increased 
leakage 
of the 
MAX130 
and 
MAX131 at 


+70° C, a 1.0tJF reference 
capacitor 
is recom mended 


to reduce rollover and gain errors at high temperature. 


The reference capacitor 
is typically 
a low leakage film 


capacitor. 
Polyester 
(Mylar) 
is acceptable 
in applica- 


tIons where the reference voltage 
is constant. 
A low 


dielectric 
absorption 
capacitor 
such as polypropylene 


should 
be used if the reference 
voltage 
is variable, 


s.,nceany dielectric absorption will increase the settling 
time 
In response 
to a change 
in reference 
voltage. 


Since the reference 
voltage 
varies in circuits 
which 


measure 
resistance 
ratiometrically, 
a polypropylene 


reference capacitor 
should 
be used in ohmmeters. 


Autozero Capacitor 


The noise of the AID 
is influenced 
by the autozero 


capacitor. For the best noise performance, 
an autozero 


capacitor 
value 
of 
at least 
4 times 
the 
integrator 


Proper selection 
of the integrator 
capacitor 
value can 
be verified 
by monitoring 
the output 
swing 
of the 
integr~tor v.:ith =!=fullscale input voltages. In a properly 
operating 
CircUit, ±full 
scale Input voltages will cause 


the integrator 
output (INT pin) to swing to about ±2V. 
The integrator 
output 
can drive to about 
0.3V from 
either 
supply 
while 
maintaining 
high 
linearity. 
Inte- 
grator swing is inversely proportional 
to the oscillator 


frequency, 
so the integrator 
capacitor 
value must be 


increased in circuits 
with conversion 
rates less than 3 


conversions 
per second. 


1-8 
/1o'1/JXI/1o'1 


capacitor 
value 
is recommended. 
For a 2V scale, 
a 
0.047pF 
(47nF) 
capacitor 
is adequate. 
An 
autozero 


capacitor 
of 0.47pF or greater 
is recommended 
for a 


200mV full scale. All of Maxim's 
integrating 
ND con- 


verters 
have a Zero Integrator 
phase which 
allows the 


use of high values for the autozero 
capacitor 
without 


causing 
hysteresis 
or slowing 
the overload 
recovery 


time. 


The autozero 
capacitor 
can be any low leakage 
film 


capacitor 
in most applications. 
A low dielectric 
poly- 


propylene 
capacitor 
is recommended 
if there are rapid 


changes 
in common 
mode voltage, 
or if the ND must 


rapidly 
stabilize 
upon 
power-up. 


(hemator 
Components, 
MAX130 
and MAX131 


For three 
conversions 
per second 
either 
use 100kCl 


RpS!; and a 100pF Cosc., or use a 180kCl Rose and a 
50pF 
Cose. 
The 
MAX130 
test circuits 
show 
100kCll 


100pF and the MAX131 test circuits 
show 180kCl/50pF, 


but both A/Ds 
will operate 
correctly 
with either set of 


components. 
Other 
conversion 
rates can 
be set by 


changing 
the oscillator 
components. 
Each conversion 


takes 
16,000 oscillator 
cycles, 
and the oscillator 
fre- 


quency 
is approximated 
by the equation 
fose = 0.45/ 


RC, where 
C = Cose + 5pF. 


Typical 
part-to-part 
variation 
of oscillator 
frequency 
is 


±5%, and the typical 
variation 
with temperature 
is an 


decrease 
in frequency 
of 3% at 70° C, and an increase 


in frequency 
of 1% at O°C. Normal 
mode rejection 
of 


50Hz and 60Hz can be improved 
by driving 
the OSC1 


pin with an external 
clock signal of precisely 
40.ookHz. 
The OSC1 pin is the input of a CMOS inverter powered 
from 
V+ and the Test pin voltage. 
Either 
drive 
OSC1 


directly 
with a signal that swings from the Test voltage 


to V+, or drive it via an AC-coupled 
2Vpk-pk 
to 5Vpk-pk 


signal. 
_______ 
Appllcation 
Notes 


Common Mode Voltage Range Considerations 


In many applications 
In Lo is connected 
to Common, 


and 
the supply 
voltage 
is greater 
than 
6V. In these 


cases the common 
mode 
voltage 
range 
restrictions 


on In Hi and In Lo will not be a design 
consideration. 
On the other hand, operation 
with low supply voltages, 
or operation 
with 
either 
In Lo or 
In Hi near 
either 


supply 
calls 
for 
careful 
evaluation 
of 
the 
effect 
of 


common 
mode voltages. 


Table 1. Common 
Mode Voltage 
Limits 
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Since 
the 
MAX131 
performs 
all conversion 
phases, 


including 
autozero 
and deintegration, 
using 
In Lo as 


the reference 
point, 
the MAX131 has excellent 
normal 


mode rejection 
of approximately 
120dB. The MAX130 


uses the Common 
voltage 
as the reference 
point 
for 


autozero 
and 
deintegration 
and 
the 
common 
mode 


rejection 
ratio of the MAX130 
is about 
86dB. 


There are three basic internal 
limitations 
on the allowa- 


ble common 
mode voltage 
(see Figures 
3 and 4): 


1) The buffer 
input CMVR is (V- + 1.5V) to (V' - 1.5V). 


2) The integrator 
CMVR 
is (V- + 1.5V) to (V' - 1.5V). 


3) The integrator 
output 
swing 
is limited 
to V- to V'. 


4) The 
MAX130 
In Lo must 
not go 
more 
than 
1.0V 


above 
Common. 


Figure 
3 shows 
that the MAX130 
buffer 
input 
can be 


connected 
to 
either 
In 
Hi, 
(Common 
+ VRF;F), or 
(Common 
- VREF), where VFlEFis the differential 
refer- 


ence 
voltage 
between 
Ref 
Hi 
and 
Ref 
Lo 
and 
is 


independent 
of the Common 
voltage at Ref Hi and Ref 


Lo. 
Further 
inspection 
shows 
that 
the 
integrator 
is 


connected 
either to In Lo (during 
Integrate) 
or Com- 


mon (during 
deintegrate). 


Figure 
4 shows 
that the 
MAX131 buffer 
input 
can be 


connected 
to either 
In Hi, (In Lo + VREF), or (In Lo - 


VREF). The 
integrator 
non-inverting 
input 
is always 


connected 
to In Lo. 


Combining 
the four system CMVR limitations 
with the 


possible 
connections 
results 
in the limitations 
shown 


in Table 1. 


Operation with Low Supply Voltages 


Unlike 
the ICL7106 and ICL7136 which 
use a 6V to 7V 


zener to generate 
their Common 
voltage, 
the MAX130 


and MAX131 use a bandgap 
reference. 
Therefore 
the 


MAX130 and MAX131 generate 
an accurate 
Common 


voltage 
with supply 
voltages 
as low as 4.5V. Operation 


with 
a 5V supply, 
though, 
does 
require 
attention 
to 


both 
the common 
mode voltage 
range 
of the buffer, 


and the output 
swing 
limitations 
of the integrator. 
In 


particular, 
the 
input 
common 
mode 
voltage 
range 


does not include 
the negative 
supply 
voltage. 
Maxim's 


MAX138, 
which 
includes 
a charge 
pump 
voltage 
in- 


verter and requires 
only slight circuit 
modifications 
of 


a MAX130/ICL7106 
circuit, 
is recommended 
for +5V 


single 
supply 
applications 
where 
a ground-referred 


signal 
is to be measured. 


DEVICE 
IN HI 
IN LO 
INTEGRATOR 
SWING 


MAX130 
with 
Positive 
V- + 1.5V to V· - 1.5V 
V 
+ 1.5V to VCOMMON+ 1.QV 
(In Lo - V-) or (VCOMMON- V-), 


Input 
Voltages 
whichever 
is smaller. 


MAX130 
with 
Negative 
V 
+ 1.5V to V· - 1.5V 
V- + 1.5V to V· - 1.5V 
(V· - In Lo) or (V· - VCOMMON)' 


Input 
Voltages 
whichever 
is smaller. 


MAX131 
with 
Positive 
V- + 1.5V to V· - 1.5V 
V- + (1.5V + VREF) 
(In Lo - V-) 
Input 
Voltage 
to V· - 1.5V 


MAX131 
with 
Negative 
V- + 1.5V to V· - 1.5V 
V- + 1.5V to 
(V· - In Lo) 
Input 
Voltage 
V· - (1.5V + VREF) 


•• 


The 
voltage 
at the 
buffer 
input 
must 
stay 
in the 
common 
mode voltage 
range of (V- + 1.5V) to (V' - 
1.5V). With the maximum common 
voltage of 3.15 and 
a full scale negative input of -200mV, this limit is met 
with a 4.85V or greater supply. 


With a +2V full scale, the input buffer will exceed its 
negative 
common 
mode voltage 
range when a -2V 
input is applied 
with less than 6.7V supply 
voltage. 
Oper.tion on ±5V Suppll•• 


The MAX130/131 can easily be used with ±5V supplies. 
Connect 
V' to +5V, V- to -5V. If the voltages 
to be 
measured are referred to ground, 
then connect 
In Lo 
to ground. 
In most cases, Ref Hi and Ref Lo should 
be connected 
to a resistive divider string between V· 
Common Problems 
and Common, 
as shown 
in the standard 
application 
and Their Solutions 
circuits 
of Figures 1 and 2. If Common 
is not used to 
--------- 
generate the reference it can either be left floating 
or 
Erratic, Unpredictable Reading. 
can be connected 
to ground. 
If the MAX130/131 
oscil- 
lator is driven by 5V logic, or if the MAX130/131 
LCD 
Make sure that In Lo is connected to Common. Leaving 
d' 
5V I 
. 
both In Lo and In Hi floating 
with respect to Common 
outputs 
rive 
OgIC, then connect 
the Test pin to 
and the power 
supplies 
will 
cause erratic 
readings 
ground. 
If the MAX130/131 
open circuit 
Test voltage is 
since In Lo and In Hi will unpredictably 
float from V' 


above ground, 
then connecting 
Test pin to ground 
will set the internal 
digital 
ground 
to approximately 
to V- unless a DC connection 
between either In Lo or 
ground. 
If, however, the open circuit 
Test voltage 
is 
In Hi and Common 
is provided. 
negative, then the internal 
digital 
ground 
voltage will 
Look at the INT (pin 27 of the 40 pin DIP) with an 
remain negative, additional 
V· supply 
current 
will be 
oscilloscope. 
With OV input the INT pin should 
be at 
drawn, and the LCD segments will continue 
to swing 
approximately 
the same voltage 
as the 
In Lo pin. 


1.10 
/~I/JXI/~1 
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Figure 
7 shows 
typical 
components 
for 
+5V single 
supply 
MAX130/131 
operation 
with a 200mV full scale 
range. Since the common 
voltage is 3.05V below V', it 
is less than 2V above ground. 
This 
means that the 
integrator 
swing 
must be reduced 
by increasing 
the 
value of the integrator 
capacitor. The value shown will 
result in about 
1V to 1.5V integrator 
swing. 


below ground. 
The OSC1 pin, however, will respond 
to a voltage swing of OV to 5V in either case. 


Low Battery Detector Circuit 


Since the voltage between Common and V' is between 
2.95V and 3.15V until the voltage 
between 
V' and V- 


falls to less than 4V, a simple low battery detector can 
be made using a transistor 
voltage detector as shown 
in Figure 8. When 02 is off the Low Battery segment 
is driven in phase with the backplane and is off. When 
01 and 02 turn on, the Low Battery segment 
is held 
approximately 
midway 
between the Test voltage and 
V', and the Low Battery LCD segment becomes visible. 
01 and 02 turn on when the voltage 
at the base of 


01 
is one 
base-emitter 
voltage 
more 
positive 
than 
Common 
voltage. 
With 
the 
4.7MO/4.7MO 
divider 
shown, this occurs when the battery voltage is approxi- 
mately 
6V. Decrease 
the value 
of R1 to 
lower 
the 
battery detection 
voltage. 


A similar 
circuit 
using 
only 
one transistor 
can 
be 
made 
using 
the Test pin 
as the 
reference 
voltage 
rather than Common. 
Since the Test pin voltage may 
range from 4V to 6V, the low battery detection 
voltage 
when 
using 
the Test pin 
as a reference 
is not 
as 
accurate as Figure 8, which uses the Common voltage 
as the reference. 


1MCl 
BP 
TO LOW 


/vl/JXI ..... 
"" 
BATTERY 
INDICATOR 
MAX130 
LCD 
MAX131 
SEGMENT 


COMMON 
O.1pF 
v- 


With a full 
scale input 
voltage 
the INT pin voltage 


should 
be a triangular 
waveform. 
If no triangular 


waveform 
is seen, or if it is not in the 2Hz to 4Hz 


frequency 
range, 
then 
review 
the 
oscillator 
circuit 


connections 
and components 
to make sure they are 


correct. 


O".rload Displ.y 


The least significant 
three 
digits 
are blanked 
if the 


input 
voltage 
exceeds 
full scale. The leading 
"1" is 


displayed for positive overloads, and a "-1" is displayed 
for 
negative 
overloads. 
Any 
of the conditions 
that 


cause erratic 
readings as discussed above may cause 


overload 
readings. 
In addition, 
check the differential 


voltage between In Hi and In Lo and make sure that it 
is no more than twice the differential 
voltage between 


Ref Hi and Ref Lo. Also make sure that the voltage at 
Ref Hi is more 
positive 
than the voltage 
at Ref Lo, 
since 
incorrect 
reference 
polarity 
will always 
cause 


an overload 
reading. 


Gro•• 
Nonlln•• rity 


If the results are linear for low input voltages, but the 
displayed 
result stops increasing 
as higher input volt- 
ages are applied, then the most likely cause is satura- 
tion of the integrator 
output. With a full scale voltage 


applied, 
look at the voltage on the INT pin. It should 


not come closer than 0.3V to either supply. Increase 
the integrator 
capacitor 
value if the INT output swing 


is excessive. Alternatively, 
increase the oscillator 
fre- 


quency 
by changing 
the oscillator 
resistor and capa- 


citor values. 


Nonlln•• rltl.s 
of 2 to 20 Counts 


A polyester 
(Mylar) 
integrator 
capacitor 
will result in 


about 2 or 3 counts of nonlinearity 
at full scale. Use 


polypropylene 
for 
best linearity. 
Leakages 
into 
the 


integrator 
capacitor, 
the autozero 
capacitor, 
or the 


reference 
capacitor 
will 
also cause 
linearity 
errors. 
Make sure that printed 
circuit 
boards are thoroughly 


cleaned after soldering. 


G.ln Error .nd Rollo".r 
Error 


A gross gain error will result if the integrator 
output 


current 
capabilities 
are exceeded. 
Make 
sure 
that 


RINT ?- VREj'/2.5pA for the MAX130, and ?-VREF/0.6pA 
for the MAX131. 


Gain errors less than ten counts are generally caused 
by either 
too 
much 
stray capacitance 
on the CREF 


terminals, or by excessive printed circuit board leakage. 
Stray capacitance 
and leakage can be detected 
by 


reducing 
the reference capacitor 
by a factor of ten. If 


the 
error 
dramatically 
increases, 
then 
either 
stray 


capacitance 
or 
leakage 
at the 
reference 
capacitor 


terminals 
is the culprit. 
Error caused by stray capaci- 


tance tend to be a pure gain error, while errors due to 
leakage tend to be nonlinear-typically 
square 
law. 
Errors due to leakage can also be detected by cleaning 
the board, then baking to reduce moisture 
content. 


Offs.t Errors, 
or Non-Zero Reeding with OV Input 


This type of error is most often caused by leakages 
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into the input 
pins, the integrator 
capacitor, 
or the 


autozero capacitor. 


A very high clock rate can also make the MAX130 and 
particularly 
the 
MAX131 show 
±001 
with 
OV input. 


Either return the oscillator 
frequency 
to the standard 


40 or 48kHz 
range, 
or if a higher 
clock 
frequency 


must be used, then put a resistor 
of a few hundred 


ohms in series with the integration 
capacitor. 


The MAX130/131 have better 
performance 
with 
low 


integrator 
swing than do the ICL7106 or ICL7136, but 


extremely 
low integrator 
swing 
may still 
result 
in a 


non-zero 
reading 
with OV input. 
Increase 
integrator 


swing to at least ±0.5V with a ±full 
scale input, with 


±2V swing being preferred. 
III•• lng Segments on the LCD Displ.y 


This is very, very rarely a problem 
of the MAX130/131. 


More often it is caused by open circuits 
in the LCD 


connector/bezel, 
particularly 
if an elastomeric 
con- 


nector (zebra strip) is used. Check the voltal}e wave- 
form at the pins of the MAX130/131. A signal In-phase 
with 
the 
backplane 
turns 
off 
an 
LCD 
segment, 
a 


signal 180· out of phase from the backplane 
turns on 


an LCD segment. 


Nol.y Reedln" • 


The most common 
reason for noisy readings, particu- 
larly 
in engineering 
labs, 
is simply 
that 
the 
input 


signal 
is noisy. The 
1MCl/10nF input 
filter 
shown 
in 


Figures 1 and 2 will significantly 
reduce hillh frequency 
noise, and the capacitor 
value can be Increased 
to 


further 
attenuate 50/60Hz. 


If the input 
signal 
is clean, 
then the 
next thing 
to 


check 
is integrator 
swing since low integrator 
swing 


will increase the noise. If the integrator 
swing must be 


reduced 
to less than 
1V for some 
reason, 
then 
in- 


creasing 
the value of the autozero 
capacitor 
will im- 


prove the noise performance. 
For most circuits, 
the 


integrator 
swing should 
be approximately 
±2V. 


A very low value for the autozero 
capacitor 
will also 


make the readings 
noisy. The value of the autozero 


capacitor 
should 
be at least twice 
the value of the 


integration 
capacitor, 
and 
increasinl} 
the 
autozero 


capacitor 
value to between 4 and 10 times that of the 


integrator 
capacitor 
will 
improve 
the noise perform- 


ance, particularly 
witli 
low reference 
voltages. 


Stray 
coupling 
of 
noise 
signals, 
either 
digital/ 


microprocessor 
noise or 50/60Hz and 100/120Hz ripple 


can also be a cause of noisy 
readings. 
The circuit 


area most likely to pick up stray signals is the autozero 
capacitor. 
The distance 
between the autozero 
capa- 


citor and the AZ pin should 
be minimized, 
as should 


the distance 
between the autozero 
capacitor 
and the 


integration 
resistor 
and capacitor. 
If possible, 
use a 


ground plane around the sensitive analog section that 
includes 
CINT, CAZ' 
and R1NT.Since 
the BUFF and 


INT pins are the outputs 
of op amps, they are less 


sensitive to noise pick-up 
than is the AZ pin, which is 


the input of an op amp. Orient the integration 
capacitor 


such that its outer foil is connected 
to the INT pin. 


•• 
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The MAX131, unlike 
the MAX130, is sensitive 
to AC 


noise 
at 
In 
Lo 
during 
the 
de-integrate 
phase. 
In 
particular, full wave AC-DC converters should be used 
with the MAX131 only if both outputs 
of the AC-DC 
converter 
output 
are well filtered. 


The Common 
outputs 
of the MAX130 and MAX131, 


being derived from a bandgap 
reference, 
are noisier 


than 
the 
ICL7106 
and 
ICL7136 
Common 
outputs, 


which 
are derived from zeners. This could cause an 


increase 
in conversion 
noise, but only if the CREF is 
less than 
O.1jJF,and 
there 
is no 
bypassing 
at the 
reference 
inputs. 


Poor bypassing 
of the supply 
voltage 
may cause a 


couple of counts of noise in the readings, particularly 
if the power 
supply 
also powers 
digital 
logic, 
since 
high 
frequency 
spikes 
on the power 
supply 
might 


cause the comparator 
to falsely indicate zero crossing 
one or two clock cycles early. Ordinary 
O.1jJFbypass 


capacitors 
are adequate 
in most 
cases. 
Since 
the 
MAX130 and MAX131 draw very little current, a simple 
RC filter 
can be used to provide 
greater 
spike and 


ripple 
attenuation 
in those 
cases where 
the power 


supply 
is exceptionally 
noisy. 


Since the oscillator 
frequency 
is slightly 
affected 
by 
the supply voltage, large changes in the supply voltage 
during a conversion 
may cause a few counts of error. 


A typical case where the effect must be considered 
is 


in a battery powered circuit 
where the battery is also 
being used to drive high current loads such as motors 
or lamps. For extreme cases where high current loads 
momentarily 
change 
the 
battery 
voltage 
a volt 
or 
more, use a series diode and a capacitor 
of 10jJF or 
greater. 
________ 
ApplicBtion Hints 


1. See the 
ICL7136 and ICL7106 data sheets for a 
variety 
of application 
circuits 
which 
can also be 
used with the MAX130 and MAX131. 


2. 
In some applications 
it may be useful to apply a 


fixed 
reference 
voltage 
between 
In Hi and In Lo, 


and to apply the signal to Ref Hi and Ref Lo. In 
this 
mode of operation 
the displayed 
reading 
is 
inversely proportional 
to the input voltage. In other 
words, the displayed reading is the result of dividing 
the fixed reference voltage by the signal voltage. A 
typical 
application 
where this function 
is useful is 
in an RPM meter, where a voltage proportional 
to 
the period of a signal is divided into a fixed voltage 
to convert 
period 
into RPM (frequency). 
Another 
example 
is in a conductance 
meter, 
where 
the 
conversion 
between 
ohms 
and 
Siemens 
is per- 


formed by swapping 
the positions 
of the unknown 
and reference 
resistors. 


3. A serial output pulse stream can be obtained from 
the MAX130/131 by monitoring 
the voltage 
at the 
CREf terminals as shown in the circuit 
of Figure 23 


in the ICL7106 data sheet. Use an AND 
gate to 
combine 
the 
resulting 
End-of-Conversion 
signal 
with the oscillator 
output 
from OSC3, pin 38. 


4. 
If the 
input 
signal 
polarity 
is reversed 
from 
the 


desired polarity, then use the "Minus" 
segment to 


drive the vertical 
bar of a plus sign, and perma- 


nently turn on the horizontal 
bar of the plus sign 


using one of the decimal 
point driver 
circuits 
of 


Figure 6. When the MAX130/131 
measures a nega- 


tive 
polarity, 
a "+" will 
be displayed. 
When 
the 


MAX130/131 
measures 
a positive 
polarity, 
then a 


"-" 
will 
be displayed. 
(Normal 
operation 
of the 


MAX130/131 
is no polarity 
indication 
for a positive 


input, and a "-" sign for a negative input.) 


5. 
It is not normally 
practical 
to multiplex 
one LCD 


display 
between 
a MAX130/131 
and another 
IC, 


since this requires an analog switch 
in series with 


every LCD segment. 
One design alternative 
is to 


convert all signals to pulse streams (see #3, above), 
then to multiplex 
the pulse streams into a counterl 


LCD driver such as the ICM7224. Another 
alterna- 


tive is to use a BCD output AID converter 
such as 


the ICL7135 in combination 
with the ICM7211 dis- 


play driver. 


PART 
TEMP. RANGE 
PACKAGE 


MAX131C/D 
O·C to +70·C 
Dice 


MAX131EPL 
-40·C to +85·C 
40 Lead Plastic DIP 


MAX131EOH 
-40·C 
to +85·C 
44 Lead Plastic Chip Carrier 


MAX131ACPL 
O·C to +70·C 
40 Lead Plastic 01P 


MAX131ACOH 
O·C to +70·C 
44 Lead Plastic Chip Carrier 


MAX131AEPL 
-40·C to +85·C 
40 Lead Plastic DIP 


MAX131AEOH 
-40·C 
to +85·C 
44 Lead Plastic Chip Carrier 


The MAX133 and MAX134 are integrating 
AiD con- 


verters for 3% digit multi meters and data acquisition 
systems such as data loggers and weigh scales. The 
AiD's 
internal 
resolution 
is ±40,000 counts. An extra 


digit 
is supplied 
as a guard 
digit 
to allow autozero 


or tare of a 4000 count 
displayed 
reading to 1/10 of 


a displayed count. The conversion 
time is SOms. 


The MAX133 and MAX134 differ 
only in their micro- 


processor 
interface. 
The MAX133 has a 4 bit multi- 


plexed 
address/data 
bus while 
the 
MAX134 has 3 


separate address 
lines and a 4 bit bidirectional 
data 


bus. Both devices can be used with 4, 8, and 16 bit 
microprocessors. 


When controlled 
by a microprocessor, 
the MAX133 


and 
MAX134 
can 
perform 
auto-ranging 
measure- 


ments from ±400.0mV 
to ±4000V full scale. External 


attenuator 
resistors 
are required, 
but range switch- 


ing is performed 
by the AiD. 


The power 
supply 
is typically 
a 9V battery 
or ±Sv. 


Operating 
current 
is typically 
100J£A while 
standby 


current 
in only 2SJ£A. 


__________ 
Appllcatlons 


Digital Panel Meters 


Weigh Scales 


Data Loggers 


Data Acquisition 
Systems 


A1AXIA1 


MAX133 
MAX134 


INTEGRATOR 


ANO 


ACTIVE FILTER 
COMPONENTS 


RANGE AND FUNCTION 
SELECTOR SWITCH. 
AND OTHER 
USER INTERFACE 


~~I~JXI~~I 
:J3A Digit DMM Circuit 


• 
40,000 Count 
Resolution 


• 
0.025% Accuracy 


• 
20 Conversions 
per Second 


• 
Microprocessor 
Interface 


• 
100J£A Operating 
Supply 
Current 


• 
Low External 
Component 
Count 


• 
5J£V Resolution 


• 
Demonstration 
Kit Available 
MAX134/DEMO 


PART 
TEMP. RANGE 
PACKAGE 


MAX133CPL 
D' C to +7D'C 
4D Lead Plastic DIP 


MAX133COH 
D'C to +70"C 
44 Lead Plastic Chip Carrier 


MAX133C/D 
D'Cto+70"C 
Dice 


MAX133EPL 
-4D' C to +85' C 
4D Lead Plastic DIP 


MAX133EOH 
-40' C to +85' C 
44 Lead Plastic Chip Carrier 


I MAX134CPL 
D'C to +7D'C 
40 Lead Plastic DIP 


MAX134COH 
O'C to +70"C 
44 Lead Plastic Chip Carrier 


MAX134C/D 
D'C to +70"C 
Dice 


MAX134EPL 
-40' C to +85' C 
40 Lead Plastic DIP 


MAX134EOH 
-40' C to +85' C 
44 Lead Plastic Chip Carrier 


WRITE 
oGNo 


~CH~IP~S-EL-EC~T-/IAO) 
ALE/IAI) 
BUFF CLOCK oUT/IA2) 
Y+ 
oSC. I 
OSC.2 
END OF CONYERSloN 
BEEPER 
IN Lo 
INI0UT 
INIIN 
FILTER AMP IN 
FILTER AMP OUT 
IOMn 
l.l1Mn 
100kn 
ll1en 
lkn 


11m 
oO-LSB 
01 
02 
o3-MSB 
BUFF oun 
BUFF OUT1 
CURRENT IN 
OHMS SOURCE 
FILTER RESISTORIN 
Y- 
EX! At IN 
EX! At OUT 
400mY IN 
Ym 
NIC 
NIC 
FILTER RESISTOROUT 
COMMON 
NIC 10GNo OUn 
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Supply Voltage 
V+ to V- ..........•..•......•............•..•..•..... 
+15V 
V+ to DGND .............................•........... 
+6V 
V- to DGND ................................•......... 
-9V 
Analog Input Voltage (any input) (Note 1) ....•...•... 
V+ to V- 


Reference Input Voltage 
V+ to V- 


Digital Inputs 
(DGND - 0.3V) to (V+ + 0.3V) 


Power Dissipation 
800mW 


Storage Temperature 
-65°C to +l60°C 


Lead Temperature (Soldering 10see) 
+300°C 


Stresses above those listed under "Absolute Maximum 
Ratings" may cause permanent 
damage to the device. These BrBstress ratings only, and functional 
operation 
of the device at these or any other conditions 
above those indicated in the operational 
sections of the specifications 
is not implied. Exposure to 
absolute maximum ratings conditions for extended periods may affect device reliability. 


ELECTRICAL 
CHARACTERISTICS 


(v+ = 9V, TA = +25°C. Test Circuit unless otherwise indicated) 


PARAMETER 
CONDITIONS 
I 
MIN. 
TYP. 
MAX. 
UNITS 


ANALOG 


Read Zero Mode, DC Volts 
Zero Input Reading 
Zero Input Offset Reading will be corrected 
±5000 
Count 


Digitally 
in the I'P 


Difference 
between 
l>Zero Input Reading 
1000VDC Scale. VIN = 0 and 
-2 
+2 
Count 


3VDC and Scale. VIN = 0 (Note 3) 


11OmO 
Leakage Current into 10Mn Pin 
20 
pA 


Rollover Error 
IVIN+! = IVlwl 
= 3V 
-10 
+10 
Count 


Integral Linearity 
Best Fit Line 300mVDC Scale 
-10 
+10 
Count 
Not production 
tested 


Differential 
Nonlinearity 
Deviation from ideal Count size 
0.1 
5 
Count 
Not production 
tested 


Number of Conversions to settle to within 2 
Counts of final reading on 3 VDC Scale after 
1 
Conv. 
Recovery Time 
attempting 
to measure a 2.95V Input on the 
300mV Scale. Unfiltered DC Mode 
Settle to 1 Count 
2 


CMRR 
VCM = ±500mV 
86 
dB 
VCM is (IN LO - Common) 


300mVDC Scale 
2 


Noise 
Zero Reading Mode 
2 
Count 


Pk-Pk Value exceeded less than 5% of readings 


Zero Reading Drift 
0.1 
Counl/"C 


Scale Factor Tempco 
300 mVDC scale Oppm ext Reference 
5 
ppm/oC 


AC TIMING 


tAL 
Figure 4, MAX133 
.~ 
130 
ns 


tcc 
Figure 4, MAX133 
60 
ns 


tLA 
Figure 4, MAX133 
-100 
ns 


tLC 
Figure 4, MAX133 
1500 
ns 


tLL 
Figure 4, MAX133 
20 
ns 


tAce 
Figure 4, MAX134 
3250 
ns 


tEN 
Figure 4. MAX134 
80 
ns 


top 
Figure 4, MAX134 
80 
ns 


tAS 
Figure 4, MAX134 
2500 
ns 


tos 
Figure 4, MAX134 
150 
ns 


tOH 
, 
Figure 4. MAX134 
-75 
ns 


tAH 
Figure 4, MAX134 
-85 
ns 


Note 1: 
Input Voltage may exceed supply voltages, provided the Input Current is limited to ±lmA. 
Note 2: 
Analog performance is specified in counts relative to a 40,000 count full scale; i~e.a spec of 5 counts would correspond to 1/2 
of one count on a 3:Y,digit meter. 
Note 3: 
This parameter is guaranteed by testing the input bias currents of the input pins 10Mn and 1.11Mn. 
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ELECTRICAL CHARACTERISTICS (continued) 
(v+ = 9V,TA = +25°C. Test Circuit unless otherwise indicated) 


PARAMETER 
I SYMBOL I 
CONDITIONS 
MIN. 
TYp. 
MAX. 
UNITS 


POWER SUPPLY AND DIGITAL SECTION 


Digital 
DGND 
Referenced to V+ 
-4.5 
-5 
-5.5 
V 
Ground Voltage 
51'A < ISINK< 500ilA 


Analog 
COMMON 
(v+ - Common) 
2.8 
3.0 
3.3 
V 
Voltage 
250kO between V+ and COMMON 


Analog COMMON 
!!.V.'COMMON= 10l'A to ICOMMON= 2mA 
4 
20 
0 
Sink Impedance 


Analog Common 
For !!.VCOMMON< 0.5V 
1 
I'A 
Source Capability 


Tempco of Common 
80 
ppmrC 


Output High 
VOH 
D0-3•Data Ready 
V+ - 0.5 
V 
lOUT= -1oo1lA 


Output Low 
VOL 
D0-3. Data Ready 
0.4 
V 
lOUT= 400ilA 


Input High 
V,H 
00-3. Ao-3, Data Ready, RD, WR 
70 
45 
%(V+ 
- DGND) 


Input Low 
V,L 
00-3. Ao-3' Data Ready, RD, WR 
1.6 
0.8 
V 


Supply Current 
Isupp 
100 
250 
I'A 


Sleep Current 
ISLEEP 
25 
I'A 


Low Battery 
VLBAT 
Low Battery Flag On 
6.3 
6.8 
7.5 
V 


13 
INlO 
":" 


VOLTAGE 
18 
10M 
INPUT 


1.111IMO 
19 
I.1M 


EXT AC 
31 
OUT 


EXT AC 
32 


IN 


FI~T:~ 
17 


OUT 


FI~:~ 
18 


IN 


FILTtR 
2& 
RESISTOR 
OUT 
RE~m: 35 


IN 


INT OUT 
14 


.MAXI.M 
MAX133 
MAX134 
ANALOG 
CIRCUIT 


22 IkO 


23 
N/C-MAXI33 
08NO OUT-MAXI34 


«XlmV 
INPUT 


CURRENT 
INPUT 
FOR«XlmA !060 
FULL SCAlE 
1~~ 


3OIkO 
3OIkO 


~MATCHEO 
RESISTORS 
TO IN LO 


Pin Numbers are for the 44 Lead Quad Package. 
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______ 
System Conslder.tlons 


The MAX133/134 
is intended 
for use with a micro- 
processor. 
The 
MAX133/134 
contains 
an AID 
and 
auxilliary 
circuitry 
such as attenuator 
range switches, 
a piezoelectric 
beeper driver, an active filter, a low 
battery detector, 
and both analog and digital 
power 


supplies; 
but it does not include 
any display 
drive 


capability. 
The MAX133/134 
reduces the component 


count 
and system 
cost by minimizing 
the external 


components 
required 
for the analog 
portion 
of the 
system, but does not restrict final product features by 
including 
autoranging 
or other digital 
control 
func- 


tions. 
The 
MAX133/134 
is intended 
to work 
as the 
analog 
front 
end 
of 
a 
microprocessor, 
with 
the 
features of the end product 
being determined 
by the 
microprocessor 
software. 
Table 1 shows 
how 
the 
execution 
of several typical 
functions 
is partitioned 
between the MAX133/134 and the microprocessor. 


The MAX133/134 provides all of the logic and counters 
for control 
of the conversion 
sequence, and the ex- 
ternal microprocessor 
does not have to perform any 
critical timing or complex 
control 
of the MAX133/134. 


The MAX133/134 
has range switches for a 5 decade 
attenuator 
which 
uses external 
resistors, 
and 
has 
additional 
mode-selection 
circuitry 
for 
performing 


voltage, 
current, 
AC or 
DC, ohms, 
and 
continuity 
measurements. 
The 5 decade attenuator 
and mode- 
selection 
circuitry 
is controlled 
by an external micro- 
processor via control bits written into the MAX133/134. 


The MAX133/134 
has normal 
mode rejection 
of line 
frequency 
of at least BOdB on the voltage ranges; the 
microprocessor 
selects 
rejection 
of either 
50Hz or 


60Hz by setting a MAX133/134 
control 
bit. A two pole 


active 
filter 
can also 
be turned 
on 
by the 
micro- 


processor, adding about 40 dB normal mode rejection 
above 50Hz. See the "Digital 
Interface" 
section 
for 


details on which functions 
can be controlled 
by the 


external microprocessor. 


The basic blocks of the MAX133/134 are 
AID section 
Input Range Switching 
Ohms Circuitry 
Active Filter 
Power Supply, Common, 
Low Battery Detector 


Oscillator 
and Beeper Driver 
Digital Interface 


A/DSection 


The AID 
uses a "residue 
multiplication" 
conversion 


scheme 
to provide 
a full 
±40,OOO count 
resolution 


reading 
every 50 milliseconds, 
while 
still 
providing 


the 
excellent 
noise 
performance 
and 
power 
line 


normal 
mode 
rejection 
associated 
with 
integrating 


AIDs. 
See "Conversion 
Method 
and Timing" 
below 


for details of the conversion 
method. All timing 
and 


AID 
conversion 
phase control 
is performed 
by the 


MAX133/134 
without 
microprocessor 
intervention. 


The AID 
section 
will 
perform 
a non-zero-corrected 


conversion 
every 50 milliseconds 
(20 conversions 
per 


second). 


The 
microprocessor 
must 
periodically 
direct 
the 


MAX133/134 to perform a read zero conversion, which 
also takes 50 milliseconds. 
This read zero conversion 


is a conversion 
performed 
with 
IN 
LO 
internally 


FUNCTION 
MAX133/134 ACTION 
MICROPROCESSOR 
ACTION 


Autoranging 
Contains the attenuator 
control 
Detects overload and commands 
the 
switches. Selects 400mV to 4000V 
MAXl33l134 
to select the next higher range. 


ranges as directed by the 
Range switching 
hysteresis and manual range 


microprocessor. 
selection 
is controlled 
by the microprocessor. 


Zero Reading 
Internally 
shorts the A/D inputs and 
Periodically 
commands the MAXl331134 to 


(system offset correction) 
performs a measurement 
of system 
perform a zero reading. Subtracts this zero 
offset when directed by the 
reading from normal readings to correct for the 


microprocessor. 
internal offset of the MAX1331134. 


Range/Function 
Selection 
Selects Ohms/Current! 
AC- 
Maintains the user interface, and directs the 
DCNoltage/Continuity 
as directed 
by 
MAX133/134 to select the desired range. 


the microprocessor. 


Display of Readings 
Max 133/134 provides raw, non-zero- 
The microprocessor 
performs zero correction 
corrected 
data to microprocessor. 
and any gain correction 
or scaling that is 
desired. The microprocessor 
then displays the 


information, 
using either its own display driver 


capability 
or an external display driver. 


Value added DMM features such as 
Performs conversions 
as directed 
by 
Uses 
the 
MAX133/134 
conversion 
results 
and 


display hold, peak hold, either manual 
the microprocessor. 
returning 
the A/D 
software 
routines 
to 
provide 
a multitude 
of 
range selection or autoranging, 
peak 
results to the microprocessor. 
product features. 


reading hold, minImax 
display, 


thermocouple 
linearization, 
etc. 


Digital panel meter features such as 
Performs conversions 
and range 
Takes the MAXl33/134 
readings, performs zero 
zero and span adjustment, 
high/low 
selection as directed 
by the 
offset and scale corrections, 
then displays the 


limit alarms, display in engineering 
microprocessor. 
results. The microprocessor 
also performs such 


units, etc. 
functions 
as highllow 
limit alarms. 


shorted 
to IN HI, and the result of this zero conversion 
must 
be subtracted 
(by 
the 
microprocessor) 
from 
normal measurements 
to obtain a zero-corrected 
read- 


ing. The zero 
correction 
that 
must 
be subtracted 
is 
determined 
by the MAX133/134's internal offsets. Since 


these offsets 
are relatively 
slow changing, 
zero con- 


version 
readings 
need only be taken often enough 
to 


track 
long term drifts 
and temperature 
changes. 
The 
zero 
conversion 
reading 
will 
change 
slightly 
with 
a 


change 
in common 
mode input 
voltage 
or reference 


voltage, 
and 
a new zero conversion 
reading 
should 


be taken if either of these change. 


In ratiometric 
ohms 
measurement 
the reference 
vol- 


tage 
will 
change 
significantly 
as the 
value 
of 
the 
unknown 
resistor 
varies. To reduce the errors caused 


by the 
system 
offset 
the 
MAX133/134 
"chops" 
the 


input 
buffer 
and integrator. 
The "chop" 
consists 
of a 


reversal of the input transistors 
during 
the conversion 


cycle. 
The timing 
of this chop 
is such that in the R/2 


or 
ohms 
measurement 
mode, 
the 
system 
offset 
is 


almost 
completely 
nulled 
out 
if the X2 mode 
is not 


selected. 
Even if the X2 mode is selected, 
the system 


offset 
does 
not exceed 
5000 counts 
on any 
range. 


Since the internal 
full scale range of the MAX1331134 


is greater than ±49,000 counts, at least ±40,OOOcounts 
of resolution 
are available 
after zero offset correction. 


Each conversion 
result 
is latched 
into a Conversion 


Register 
which 
can be read by the 
microprocessor. 
The data format 
is nines complement 
BCD 
(a zero 


reading 
is 00000, 
a -1 reading 
is 99999, 
a -25000 


reading 
is 75000). The nines complement 
form 
is the 


most 
convenient 
BCD 
format 
since 
the addition 
of 


the nines complement 
of a number 
is equivalent 
to 


subtracting 
that 
number. 
See "Software 
Notes" 
for 


simple 
BCD to binary conversion 
algorithms. 


The last digit of conversion 
is used for digital autozero 


and is usually 
not displayed. 
Note that each count 
of 


the 
least significant 
digit 
of the 
MAX133/134 
output 


corresponds 
to 1/10 of a count 
if a 4000 count 
full 


scale 
display 
is 
used. 
For 
current 
ranges 
with 
a 


voltage 
drop 
of only 
200mV, the 
measured 
reading 


can be multiplied 
by two by using the X2 ("times 
2") 
function 
of the MAX133/134. The X2 function 
reduces 


the RINT resistor 
value by a factor 
of two during 
the 


Integrate 
phase. 
With 
the X2 range, 
a 200mV 
input 


voltage 
will 
result 
in a full 
scale, 
4000.0 
measured 


reading. 
Alternatively, 
the 
normal 
400mV 
range 
can 


be used, with the multiplication 
by two being done by 


the microprocessor 
digitally. 
In this case, each count 


of 
the 
least 
significant 
digit 
is 1/5 of 
a displayed 


count. 
A 
100mV 
full 
scale 
voltage 
drop 
can 
be 


achieved 
by 
using 
both 
the 
MAX133/134 
X2 range 


and 
a digital 
times 
2 multiplication 
in the 
micro- 


processor. 


Each of the 20 conversions 
per second 
has a Zero 
Integrator 
phase to ensure 
rapid recovery 
from 
over- 


load, 
and 
the 
MAX133/134 
will 
recover 
to within 
2 


counts 
one conversion 
after an overload 
of 10 times 


full scale when the onboard 
active filter is not used. 


:J3A Digit DMM Circuit 


Input Ranga Switching 


In voltage 
measurement 
ranges 
other 
than 
4oomV, 


voltages 
are applied 
to the pin labeled 
10MO through 


a 10MO resistor. 
By selecting 
the proper 
shunt 
resis- 


tors 
(1.1MO through 
1KO) the input 
voltage 
will 
be 


attenuated 
to a 400mV 
range. 
The 
input 
attenuator 


switch 
section 
includes 
analog 
switches 
to 
switch 


both 
the input 
current 
and to sense the voltage 
on 


the 
shunt 
resistor. 
Other 
input 
switching 
functions 


select between 
the output 
of the input attenuator 
and 


the 
voltage 
developed 
across 
the 
current 
sensing 


resistors during 
current 
measurement. 
See Figure 1. 


The SpA input 
bias current 
of the MAX133/134 
might 


result in unacceptable 
errors with a 10MO input resistor 


on the 400mV scale, so a separate 
pin with a 1ookO 


to 1MO input 
resistor 
is used for the 400mV 
scale. 


The 10MO resistor 
used on the higher voltage 
ranges 


does 
not 
cause 
appreciable 
error 
since 
the 
input 
leakage 
current 
is shunted 
to 
ground 
through 
the 


1.11MO to 1kO attenuator 
shunt 
resistors. 


To avoid errors that might 
occur 
through 
coupling 
of 


high frequency, 
high voltage signals from the input of 


the attenuator 
to the 
low 
level 400mV 
and 
Current 


inputs, 
these 
two 
inputs 
have 10kO switches 
which 


connect 
them 
to 
Common 
whenever 
they 
are 
not 


selected. 


The input 
section 
also includes 
switches 
to allow 
an 


external 
AC-DC 
converter 
to 
be 
inserted 
into 
the 


signal path. Figure 10 shows a typical 
average-sensing 


RMS-ealibrated 
AC-DC converter. 
Ohmsand Diode lI_surement 


The input attenuator 
resistors 
are also used as refer- 


ence resistors 
in the ohms mode. Note that the 10MO 


resistor 
must be externally 
paralleled 
with 
the other 


resistors 
to get exactly 
1MO, 100kO, etc. The ohms 


source 
buffer 
input 
is usually 
connected 
directly 
to 


the external 
bandgap 
reference 
or to another 
1.25V 


source. 
In the 4kO through 
40MO ranges there will be 


a total 
of 
1.25V across 
the 
series 
combination 
of 
reference 
resistor, 
unknown 
resistor, 
and 
the 
input 


protection 
network; 
and the maximum 
voltage 
across 


the 
unknown 
resistor 
at full 
scale 
will 
be less than 


4oomV. On the 4000 
range, the ohms voltage 
source 


is a diode connected 
to V+ through 
a 2kO p-ehannel 


switch. 
With 
a 3V Common 
voltage, 
this 
supplies 


approximately 
2.2V across 
the series combination 
of 


reference 
resistor, 
unknown 
resistor, 
and 
input 
pro- 


tection 
network. 
This 
higher 
voltage 
is used on the 


4000 
range 
to 
compensate 
for 
the 
decrease 
in 


reference 
voltage 
caused 
by 
the 
input 
protection 


network. 
The 
MAX133/134 
are designed 
to operate 


with PTC protection 
resistors 
of 2kO or less. 


The voltage 
across 
the reference 
resistor 
is used as 
the reference 
voltage 
for the AID 
when 
in the ohms 


mode, and the differential 
voltage 
between 
IN La and 


IN HI is the input 
signal. 
The integration 
period 
is 


500 counts, 
independent 
of the SO/60Hz control 
bit 


setting. 


-- 


;rA Digit DMM Circuit 


~ 


VREF 
655mV 
FOR 50HZ 


IN 
545mV 
FOR 60HZ 


LO 
-=- 
•••; 
INtO 
R 


REF HI 


AID 
••• 
REF LO 
; 


IN HI 


V' 


COMMON 


.-AXI.- 
wmNT 
MAX 133 
MAX134 


The digital output code is 


50000 x RUNKNOWN 


RREF 
with a maximum 
non-zero-eorrected 
output 
code of 
±49,520 and a maximum zero reading of 5000. 


A 1kO reference 
resistor 
is used for the 4000 
full 
scale, a 10kO reference 
for a 4kO full scale, etc. A 
10MO reference resistor is used for both the 4MO full 
scale and 
the 40MO full 
scale. To get the correct 


results in the ohms measurement 
or R/2 
mode, the 


conversion 
result 
must be multiplied 
by two either 


digitally 
by the microprocessor 
or by using the X2 


range, except 
on the 40MO scale. The 40MO range 
has the same reference resistor as the 4MO range but 
a times 10 scale factor is obtained 
by not multiplying 
by 2, and by activating 
the +5 function. 
If the times 2 


COMMON 


DIVIDER 
SENSE 


wmNT' '= 


CURRENT 
TO 
CURRENT 
SENSE 
RESISTORS 


FILTER 
ON 


FILTER 
RESISTOR 
OUTPUT 


FILTER 
RESISTOR 


RmTEII I INPUT 


multiplication 
is performed 
by the microprocessor, 


the Read Zero offset of the MAX133/134 in the ohms 
mode will be just a few counts, 
and will 
be nearly 
independent 
of the value 
of the 
unknown 
resistor 
being measured. If the MAX133/134 X2 mode is used 
to multiply 
by 2, then frequent 
Read Zero 
readings 
should be taken, since the read zero offset is inversely 
proportional 
to the reference 
voltage, and the refe- 
rence voltage varies as the resistance of the unknown 
resistor varies. 


Since 
the 
input 
protection 
PTC resistor 
shown 
in 
Figure 
2 reduces 
the 
reference 
and 
input 
voltage, 


particularly 
on the 4000 
scale, the PTC resistance 
should be as low as is possible while maintaining 
the 
desired 
level of protection. 
Greater 
than 
2kO PTC 
resistance 
will increase 
the noise level of measure- 
ments on the 4000 range. 


Since 
the 
MAX133/134 
does 
not 
use a reference 
capacitor, 
the only limit on the response time in the 
ohms mode is the active filter. Even when the active 
filter is turned off, RFILTER1 is still connected, 
and the 
input voltage 
must charge the filter capacitors. 
This 
will generally 
be noticed only on the 4Mfl 
and 40Mfl 
ranges. 


A diode 
test range can be implemented 
by simply 
connecting 
to V+ the PTC used for input protection 
in the ohms ranges. The PTC then delivers approxi- 
mately 1mA of current to the diode. The diode voltage 
can be measured either on the standard 4V scale, or 
on the 400mV scale with the +5 function 
activated to 
result 
in 
a 2V full 
scale. 
As 
always, 
the 
latched 
continuity 
circuit 
is active, and it will latch whenever 
the input 
voltage 
goes below approximately 
100mV. 


The 
microprocessor 
can 
also 
test 
the 
measured 
voltage 
at the 
end 
of each 
conversion 
if a more 
precise detection 
of continuity 
threshold 
is desired. 
Actl". Fllt.r 


The 2 pole active filter circuit 
is shown 
in Figure 3. 


The op amp's offset has no effect on the DC accuracy 
since 
the op amp is only 
AC coupled 
and the 
DC 
signal path is only through 
the passive 1Mfl 
resistor. 
Note 
that 
the 
active 
filter 
will 
limit 
the 
speed 
of 
response of the MAX1331134to input voltage changes, 
and for that reason it may be desirable to disconnect 
the input filter during 
autoranging. 
Since the source 
impedance 
at the filter 
input 
varies with 
the input 
attenuator 
selected, the response time will be slower 
on the 4V range. 


OIlCIII.tor.nd B_per 
Dr/".r 


The 
MAX133/134 
is designed 
to 
operate 
with 
a 
32768Hz 
tuning 
fork 
crystal 
similar 
to 
the 
Statek 


CLOSE 
FOR 
DIODE TEST 


.NIAXI.NI 


MAX133 
MAX134 


IN 


HI ~ 'UNKNOWN 


IN < RESISTOR 
LD 
• ---::J... 


\ 
CURRENT PIN COULD 
BE USED INSTEAD 
OF 401ImV IF DESIRED 
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CX-1V, using 
only 
one 
external 
capacitor 
and 
no 
external resistors. If desired, the MAX133/134's 
OSC1 
pin can be driven externally. 


The 32kHz clock 
is used internally 
as the clock 
for 
the sequence and measurement counters. 
The 32kHz 
clock is also divided down to 2048Hz and 4096Hz for 
driving 
a beeper. The 
beeper 
output 
swings 
from 
V+ to V- and can directly drive piezoelectric 
beepers. 


Two control 
bits set by the microprocessor 
select the 
frequency 
(2048 or 4096 Hz) of the beeper and turn it 
on 
or 
off. 
Since 
the 
beeper 
is controlled 
by the 
microprocessor, 
it can be used for 
both 
continuity 
indication and for an audible operator feedback signal 
for peak hold or range changes. 


Pow.r Supply: Common, 
D'glt., Ground, Low Beft.ry Detector 


Both 
the 
MAX133 
and 
MAX134 
can 
operate 
from 
either 
a nominal 
9V battery 
or a ±5V supply. 
The 
maximum 
power supply 
current 
in DC voltage 
and 
DC current 
modes is 250/lA, with a typical 
operating 
current of 100/lA. 


Analog 
Common 
is derived 
from 
a zener 
and 
is 
nominally 3.0V below V+. For lowest cost applications 
the Common 
voltage, 
with a tempco 
of 80ppm/oC, 


may be usable as a reference. In most applications, 
a 
bandgap 
reference 
will 
be connected 
to Common, 


with 
a pullup 
resistor 
to V+, and a voltage 
divider 
connected 
across the bandgap reference to generate 
the 545mV (60Hz operation) 
or 655 (50 Hz operation) 
reference 
voltage. 
In a battery 
powered 
meter, the 
Analog 
Common 
pin is used as the system 
ground 
reference point. 


The 
MAX133 and 
MAX134 also generate 
a Digital 
Ground 
voltage, 
which 
is nominally 
5V below 
V+, 


.NIAXI.NI 


MAX133 
MAX134 


FILTER 
AMP OUT 


1.2MO 


-- 
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and 
which 
will 
remain 
in the 
range 
of 
SV ±10% 
while 
sinking 
Sp.A to SOOp.A.The DGND 
generator 
has substantial 
current 
sinking 
capability, 
but 
can 
easily 
be pulled 
to a more 
negative 
voltage 
since 
the current 
sourcing 
capability 
is only 1 p.A typical. 


The MAX133 internally 
connects 
the Digital Ground 
generator 
to the DGND 
pin. Normally 
the MAX133 
is powered 
by a 9V battery and the Ground, 
V-, or 
Vss pin of the microprocessor 
is connected 
to the 
MAX133 DGND pin. 


The MAX134 connects 
the DGND voltage generator 
to the pin, DGND 
Out, and the MAX134 DGND pin 
is an 
input 
only. 
For 
use with 
9V 
batteries, 
ex- 
ternally 
connect 
the MAX134 DGND Out pin to the 
MAX134 
DGND 
pin. 
For 
use with 
external 
±SV 
power supplies, 
connect 
the DGND 
pin to ground, 


V· to +SV and V- to -Sv. 
The MAX133/134 has an onboard 
low battery detect 
circuit 
that will indicate when the battery voltage 
is 
approaching 
the minimum 
operating 
voltage 
of the 
MAX133/134, which is approximately 
6.8V. 
________ 
Digital Interface 


The MAX133 and MAX134 differ only in their digital 
interface. 
The 
MAX133 
has a multiplexed 
address 
and bidirectional 
data bus, while the MAX134 has 3 
separate address 
lines in addition 
to a bidirectional 
data bus. In both products, 
the data bus has 4 bits, 
allowing 
the use of the MAX133/134 with 
both 4 bit 
and 8 bit microprocessors. 
MAX134 Dlgltellnterfsce 


The digital 
interface 
between 
the MAX134 and the 


f:: 
ADDRESSVALID J 
/ill----Ct'cc 
J~I" --l-t---t.-,--- 


HI·Z 
HI-Z 
DATADUTPUTS 
DATAVALID 


controlling 
microporcessor 
is via a 4 bit bidirectional 
bus, DO-D3. In addition 
to the 4 data bus lines, there 
are 3 address lines and 2 control 
signals: AQ-A2, WR, 


and RD. 


The three address lines, AQ-A2 select one of S control 
registers. 
When 
WR goes low, data will 
be written 
from 
the bus into the MAX134 control 
register 
ad- 


dressed by AO-A2. When RD is low, the MAX134 will 
drive 
the 
bidirectional 
bus, placing 
on 
it the 
data 
contained 
in the results or status register addressed 
by the address inputs AQ-A2. Figure 4 shows typical 
read and write sequences. 


Dlgltsllnterfsce, MAX133 


The MAX133 uses only 7 lines to interface 
with the 
microprocessor. 
The microprocessor 
first selects the 
register to be read or written to by placing the address 
of the register onto the 4 bit multiplexed 
address/data 
bus. The 
microprocessor 
then 
pulses 
the Address 
Latch 
Enable 
(ALE) 
line high 
to latch the register 
address into the MAX133. To read the selected register, 
the 
microprocessor 
then 
drives the Read line low, 


and the MAX133 places the register 
data onto 
the 


data bus. To write to the selected register the address 
is latched 
as described 
above, then the micropro- 
cessor places the data onto the bus and then pulses 
the Write line low. The MAX133 latches the data into 
the data into the selected register on the ri§ing edge 
of Write. See Figure 
S. The ChlQ...Sel~CS 
) line 
must be low to enable either the RD or WR lines, but 
ALE is not gated byes. 


WRITE CYCLE 


paADDRESSWr 
ADDRESS 
VALID 
~f/ff@/,0 


_ 
~IAS==j 
J'-J;:'itAH 
_ 
WRITE 
\,_ 
~tos 
b;;,:DH 


"'0'~-$-W-7~-W~-7~-~-D-AT-A!0-0)-W~-7~-W-7&2ft€ATA 
VALID~-o/~-0-0'~-0)-W;-$""~ 


Dlgltellnterfece, 
MAX133 end MAX 134 


In 
most 
cases, 
the 
EOC 
signal 
will 
be 
either 
monitored 
by an 1/0 pin, or it will drive an Interrupt 
pin on the microprocessor. 
In battery 
powered 
sys- 
tems, it may be desirable 
to put the microprocessor 
into a sleep or standby 
mode until EOC goes high. 
The 
microprocessor 
then 
performs 
any 
required 
data processing 
and display 
updates, then reenters 
the sleep mode. This conserves 
battery power since 
the microprocessor 
power consumption 
is minimized. 


The data that has been latched 
in the MAX133/134 
control 
registers 
does not immediately 
affect oper- 
ation. The input registers are double buffered, and the 
control 
bits take effect during 
the 21st clock 
cycle 
after EOC goes high. In the hold mode, the double 
buffered registers are transparent, 
and any updates to 
the 
registers 
take 
effect 
immediately, 
as do 
any 
changes 
made during 
the one clock cycle period at 
the end of each conversion 
during 
which the second 
rank of buffers 
are being updated. 


De8Crlption of Output Bit. 


The 
data 
format 
is 
nines 
complement 
BCD. 
For 
example: 


MEASUREMENT 
RESULT 
BCD DATA 


+4סס OO 
4סס oo 


+00100 
00100 


+00001 
00001 


+0סס oo 
00000 
(there is NO -oOOOO) 


-00001 
99999 


-00100 
99900 


-40000 
60000 


Table 2: Register Map of Output 
Data 
From the MAX133/134 
to the Microprocessor 


ADDRESS OR 
REGISTER NUMBER 
o 
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The Latched 
Continuity 
bit will be high if the input 
voltage 
has gone below the continuity 
threshold 
of 
approximately 
100mV since the last time the register 
was read. Each time this register (Register 5) is read, 
the continuity 
latch is reset. 


The 
Low 
Battery 
bit 
is high 
whenever 
the 
battery 


voltage is below the low battery detect voltage. 


The Holding 
bit is low whenever the MAX133/134 
is 
in the hold state. 


De8Crlption of Control Bit. 


Hold. A 1 in Hold will stop conversions 
at the end of 


the next conversion. 
If the MAX133/134 
is in the Hold 
mode, a conversIon 
will start on the next clock cycle 


after Hold is set to O. The oscillator 
continues 
to run 
and all circuitry 
is active during the Hold mode. 


High Frequency. 
A 1 in the High Frequency 
bit will 


select 4096Hz as the beeper frequency. A 0 will select 
2048Hz. 


Beeper On. A 1 turns on the beeper driver. 


Sleep. 
A 1 in Sleep puts the MAX133/134 
into the 


standby or sleep mode. The Common 
voltage buffer 


is turned 
off 
and 
the 
internal 
analog 
circuits 
are 
turned off, but the DGND circuitry 
is still active. The 
oscillator 
continues 
to run. Current 
consumption 
is 


reduced 
to 25/-lA. Several conversions 
must be per- 


formed 
after exiting 
the Sleep mode before full con- 


version accuracy is obtained. 


10-0 through 
10-4. These bits control 
the attenuator 


network 
switches. 
The 
10-0 bit 
selects 
the 
10MO 


input without 
activating 
any shunt 
resistors. This is 


an alternate 
400mV input. The 10-1 bit activates the 


10:1 attenuation 
by selecting 
the 
10MO input 
and 


connecting 
the 1.111MO shunt. 
Similarly, 
10-2, 10-3, 


and 10-4 bits selects input attenuation 
factors of 100, 


1000, and 
10,000 respectively. 
In the 
ohms 
mode 


these bits set the resistance range. 


Conversion 
Result 
BCD data for least significant 
digit 
(The undisplayed 
digit used for digital autozero) 


BCD data of Conversion 
Result 
(Least significant 
displayed digit) 


BCD Data of Conversion 
Result 
Hundreds 


Thousands 


10 Thousands 


Status 


BCD Data of Conversion 
Result 


BCD Data of Conversion 
Result 


DO 
Low Battery 
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Table 3. Register Map of Input Data 
From the Microprocessor 
to the MAX133/134 


ADDRESSOR 
DO 
REGISTERNUMBER 
03 
02 
01 


0 
Hold 
High Frequency 
BeeperON 
Sleep 
1 
10-0 
Filler Short 
+5 
50Hz 
2 
10-4 
10-3 
10-2 
10-1 


3 
DC 
ExtAC 
DividerSense 
OhmsR/2 
4 
Current 
X2 
ReadZero 
FilterOn 


BIT SET 
VOLTAGE 
OHMS 
RANGE 
RANGE 
10-0 
400mV 
4MOand 40MO 
10-1 
4V 
4ookO 
10-2 
40V 
40kO 
10-3 
400V 
4kO 
10-4 
4000V 
4000 


50Hz. When set to 1 the integration 
geriod 
for voltage 
measurement 
is one cycle 
of the 5 Hz power 
mains 
(655 clock 
cycles). 
When 0, the integration 
period 
is 
one 60Hz power 
line cycle 
(545 clock 
cycles). 


X2. 
Setting 
the 
bit 
to 
1 activates 
the 
MAX133/134 
"times 
2" function. 
When 
X2 is active, 
RIl'lT2 only 
is 
used as the integrator 
resistor 
during 
the Integration 
phase. 
RINn 
and 
RINT2 in series 
are 
used 
as the 
Integration 
resistor 
for all deintegration 
phases and 
for the 
integration 
phase 
when 
X2 is O. 
If RINn 
= 
RINT2 then 
setting 
the 
X2 
bit 
doubles 
the 
digital 
output 
for a given Input voltage. 
+5. When 
this bit is set to a 1 the integration 
period 
is reduced 
by a factor 
of 5. This 
reduces 
the digital 
output 
code 
by a factor 
of 5, and 
allows 
a higher 


input 
voltage 
to 
be 
used. 
The 
full 
scale 
input 
voltage 
is multiplied 
by 5 when 
this 
bit is set, but 
caution 
should 
be used to make sure that 
the 2}.lA 
maximum 
recommended 
integrator 
output 
current 
is not exceeded, 
or the MAX1:J3/134 
linearity 
will be 
degraded. 
Ohm. or R/2. Setting 
this bit to a 1 selects the ohms 
measurement 
mode. See "Ohms 
and Diode Measure- 


ment" 
section 
above. 
Set the Divider 
Sense to 0 for 
ohms measurements. 


Read Zero. 
Setting 
this 
bit to a 1 causes 
the 
next 
conversion 
to 
be a Read Zero 
conversion. 
A read 
zero 
conversion 
is performed 
with 
In Hi and 
In Lo 
internally 
shorted, 
and the reference 
selected 
by the 
other 
control 
bits is used. The read zero conversion 
result 
is f:roportional 
to the 
internal 
offsets 
of the 
MAX1331 34, and 
this 
result 
should 
be subtracted 


from 
other 
measurements 
to 
get 
zero-corrected 
readings. 
Filter 
On and 
Filter Short. These 
bits 
control 
the 
active filter. See Figures 
1 and 3. 


FILTERON 
FILTERSHORT 
FUNCTION 


0 
Normalfilter on 
condition 
Filter on, RFILTER1 
is 
bypassed.Usethis bit 
combination to 
compensatefor the 
higher source 
impedanceof the 4V 
range. 


0 
1 
Bypassesthe Filter. • 


0 
0 
Invalidcombination, 
do not use. 


DC. This bit selects the DC mode when set to 1 and 
selects the AC mode when it is O.This bit should 
also 
be set for ohms measurement. 


Extemal 
AC. This bit should 
be set to 1 whenever 
the 
AC mode is selected 
(DC=O). 


Dllllder 
Senae. 
This 
bit, the 
1(}-0 through 
1(}-4, and 
the Current 
bits select the input signal source. 
Divider 
sense should 
be 1 whenever 
the input 
attenuator 
is 
selected. 
Set Divider 
Sense to 0 to select the 400mV 
input. 


Current. Set divider 
sense to 0 and the Current 
bit to 
1 to select the Current 
input. 
Note that while 
this bit 
and 
the 
associated 
pin 
are 
named 
"Current", 
the 
actual 
input 
is the voltage 
drop 
across 
an external 
current 
sensing 
resistor. 


------Component 
SelectIon 


'ntegret/on R,,'.tor. 


For 
an 
accurate 
times 
2 multiplication 
in 
the 
X2 
mode, the two RINT resistors 
must be exactly 
equal. If 
the X2 mode 
is not 
needed, 
then 
connect 
a 604kO 
RINT1 
between 
Buffer 
Out1 
and 
the 
integration 
capacitor 
CINT, and 
leave 
Buffer 
Out2 
open. 
The 
value of both RINn 
and RINT2 is normally 
301kO for a 
545mV 
or 655mV 
reference. 
This sets the integrator 
output 
current 
to 2}.lA during 
the Deintegrate 
phase. 


If the 
reference 
voltage 
is different, 
scale 
the 
RINT 
resistors 
proportionately. 


Integretlon c.""c/tor 


The 
normal 
value 
for 
the 
integration 
capacitor 
is 
4.7nF. This value, 
in combination 
with the integrator 
output 
current 
and the clock 
frequency 
sets the inte- 
grator 
swing 
to about 3V for the voltage 
ranges when 
RINT1 = RINT2 = 301kO and 
the 
clock 
frequency 
is 
32,768Hz. 
While 
the 
same 
integrator 
swing 
can 
be 
achieved 
with other values of capacitors 
by changing 
the value of 
RINT. lower values of CINT may introduce 
more 
noise 
through 
increased 
pickup 
of noise 
and 
SO/60Hz signals. 
Excessively 
high values of CINT will 
also cause noise problems 
by reducing 
the integrator 
swing 
to unacceptably 
low values, causing 
the com- 
parator noise to dominate 
the conversion 
errors. Large 
values 
of CINT will 
also cause 
linearity 
errors 
since 
the settling 
time 
of the internal 
times 
10 circuitry 
is 
affected 
by the value of CINT. 


The dielectric 
absorption 
of the integration 
capacitor 
directly 
affects 
the integral 
linearity, 
and high quality 
polypropylene 
capacitors 
are 
recommended. 
Poly- 
carbonate 
and polystyrene 
capacitors 
may give satis- 
factory 
performance 
in less demanding 
applications, 
while the fourth 
choice, 
polyester 
(Mylar), 
will cause 
about 0.1% integral 
non-linearity. 


Actl"e Filter Component. 


The RC time constant 
of the active filter components 
sets the 
rolloff 
frequency 
of the filter. 
The effective 
value of the RFILTER1(Figure 3) is the sum of its value 
plus the source 
impedance 
driving 
the filter. 
In the 
30V range for example, the effective source impedance 
is the 
101kO 
resistor 
in the 
attenuator. 
In the 
3V 
range, the effective 
source 
impedance 
is 1MO. This 
variable 
source 
impedance 
will alter the filter charac- 
teristics 
somewhat 
as the different 
voltage 
ranges are 
selected. The effect of the different 
source impedances 
can be minimized 
by increasing 
the value of the filter 
resistors while decreasing 
the value of the filter capaci- 
tors 
proportionately. 
This, 
however. 
will 
increase 
the 
offset error 
caused 
by the AID input 
leakage current 
flowing 
through 
the filter 
resistors. 
For most 
appli- 
cations, 
filter 
resistor 
values 
between 
1MO and 3MO 
are optimal. 


The RC time constant 
sets the filter 
rolloff 
frequency. 


A low 
rolloff 
frequency 
improves 
the 
normal 
mode 
rejection, 
but at the expense 
of a longer 
settling 
time 
in response 
to input 
voltage 
step changes. 
Another 
consideration 
when 
an 
LCD 
bargraph 
is 
used 
is 
aliasing. 
If the 
bargraph 
is updated 
at 20 times 
per 
second 
and there 
is a 19Hz component 
in the signal 
being measured, the beat frequency 
of 1Hz will appear 
on the LCD bargraph 
display. To avoid aliasing effects, 
the filter 
time 
constant 
is normally 
set to less than 
10Hz. A 3Hz rolloff 
(RC = 40ms) further 
reduces 
the 
aliasing 
effects 
and increases 
normal 
mode rejection 
while 
still 
maintaining 
an 
acceptable 
transient 
re- 
sponse with fast varying 
signals. 


Dielectric 
absorption 
in the filter capacitors 
will create 
a small, 
long 
time 
constant 
settling 
error; 
therefore 
polypropylene 
capacitors 
are recommended. 
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Cry.tel. end Cry.tel 
O8Cllletor c.""c/tor 


The MAX133/134 
oscillator 
is designed 
to use high Q, 


low power 32,768Hz crystals such as the Statek CX-1 V. 
The series resistance 
should 
be less than 30kO. 


The oscillator 
capacitor 
connected 
to OSC2 
is typi- 
cally 
10pF, but should 
be adjusted 
to optimize 
per- 
formance 
with 
the chosen 
crystal. 
If overtone 
oscil- 
lations 
are observed, 
then 
increase 
the value of the 
oscillator 
capacitor. 
If on the other hand, the oscillator 
has start-up 
problems, 
then 
reduce 
or eliminate 
the 
oscillator 
capacitor. 
Keep the stray capacitance 
across 
the crystal 
to a minimum 
since excessive 
stray capa- 


citance 
will 
prevent 
oscillation. 


Attenuetor Network 


The 
attenuator 
network 
and 
the 
associated 
range 
selection 
switches 
are 
shown 
in 
Figure 
1. If the 
resistance 
of 
the 
internal 
range 
selection 
switches 
were 
00, 
then 
the theoretically 
ideal 
values 
for the 
attenuator 
network 
would 
be 
10MO, 
1.1111MO. 


101.101kO, 10.01kO and 1.0001kO. 


The voltage 
coefficient 
of the 
10MO resistor 
should 
be as low as possible, 
since it will have high voltages 
applied 
to 
it 
in 
the 
400V 
and 
4,OOOV ranges. 
In 
addition, 
the temperature 
coefficients 
of the various 
attenuator 
resistors 
should 
be as low 
as practical 
since this affects 
the accuracy 
of the ohms 
measure- 
ments. The temperature 
coefficients 
of the attenuator 
resistors 
should 
track 
each 
other 
since 
the 
ratio 
of 
the 
resistor 
values 
sets the accuracy 
of the voltage 
measurements. 
Input Attenuetor 
Com""nutlon 
c.""c/tor. 


The input 
attenuator 
is often 
compensated 
with 
low 
value 
capacitors 
to maintain 
a constant 
attenuation 
ratio over a wide bandwith. 
The value of the compen- 
sation 
capacitors 
should 
be 
as 
low 
as 
practical, 


otherwise 
the 
10MO pin will 
be driven 
above 
V+ or 
below 
V- when 
high frequency, 
high 
voltage 
signals 
are applied 
to 
the 
attenuator 
input, 
causing 
gross 
conversion 
errors. 


Po8ltl"e .mpereture 
Coetflc/ent RN/.tor 
(PTC) 


As shown 
in Figure 2, a PTC is normally 
used as part 
of the protection 
circuit 
in the ohms mode. Excessive 
values of PTC resistance, 
however, reduce the voltage 
across 
the 
unknown 
and 
reference 
resistors, 
partic- 
ularly on the 4000 
range. PTC resistances 
above 2kO 


will 
degrade 
system 
performance 
by 
reducing 
the 
signal 
level on the 4000 
range. 
thereby 
increasing 
the 
conversion 
noise. 
Values 
above 
SkO will 
cause 
additional 
error 
since 
the 
voltage 
drop 
across 
the 
PTC 
appears 
at 
the 
AID 
as 
a 
common 
mode 
difference 
between 
IN HI and Ref LO. 


M/croprOCfHllJOr. 


For low cost 2 chip 
digital 
multi meters, 
4 bit micro- 


processors 
with 
LCD 
display 
drive 
capability 
are 


•• 
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recommended. 
Typical 4 bit microprocessor 
families 
include the Sharp SM4 and SM5, the NEC /LPD75XX 
family, and the Hitatchi 
LCD-III and LCD-IV families. 
If additional 
calculation 
power is needed, or if soft- 
ware development 
costs and time need to be mini- 
mized, then 8 bit microcontrollers 
such as the 8048, 
8051 or 6803 should be used. 


A/D 
Conversion 
_______ 
Method and Timing 


The MAX133/134 
uses a "residue multiplication" 
tech- 
nique to perform a ±40,OOOcount conversion 
in only 
1638 clock 
cycles. 
Figures 6, 7 and 8 show typical 
integrator and buffer waveforms for a large positive, a 
large 
negative, 
and 
a small 
positive 
input 
voltage 
respectively. 
Integr.tlon Ph••• 


The unknown 
signal is integrated 
by connecting 
the 
non-inverting 
input of the integrator to IN La, and the 
buffer 
input 
to In Hi. The integration 
period 
varies 
from 
100 counts to 655 counts as shown in Table 5. 
The 
MAX133/134 
is in the Zero 
Integration 
phase 
while 
in hold, between conversions, 
and before the 
start of the integration 
period. 


INTEGRATION 
PERIOD 
(clock cycles) 


545 


655 


109 


131 


500 


100 


(16.63ms) 


(19.99ms) 


Voltage, 
60Hz 


Voltage, 
50Hz 


Voltage, 
60Hz, 
.,. 5 


Voltage. 
50Hz, 
.,. 5 


Ohms 


Ohms,"'5 


Digital 
= Integration 
Period x 100 x 
VIN 
Output Code 
VREF 
where VIN is the differential 
voltage applied to the 
AID's 
internal 
In Hi and 
In La, and VREF is the 


differential 
voltage applied to the AID's 
internal Ref 


Hi and Ref Lo. 


Flr.t o.lntegretlon 
Phe•• 


The polarity 
of the first 
Deintegrate 
phase is deter- 
mined by polarity 
of the voltage 
on the integration 
capacitor 
at the end of the integration 
period. Figure 
9 shows the MAX133/134 AID section. 
Note that no 


reference capacitor 
is needed, thereby improving the 
response time in ohms measurement. 
Also note that 
since 
the 
non-inverting 
input 
of 
the 
integrator 
is 
connected 
to Ref Hi for a positive deintegration, 
the 
voltage 
at the 
integrator 
output 
will 
have a step 
voltage change equal to the reference voltage. 


X2 • 


INTEGRATE 


INTEGRATOR 


BUffER 
BUffER 
INTEGRATOR 
INTEGRATOR 
OUTPUT I 
OUTPUT2 
IN 
OUT 


RIMTl 
RIIHt 
CINT 


3OIkO 
3OIkO 
4.7.f 


The first 
deintegration 
phase terminates 
when 
the 
comparator 
detects that the integration 
capacitor 
has 
been discharged. 
The MAX133/134 then goes into an 
"Idle" state where both the buffer input and the non- 
inverting 
input 
of the 
integrator 
are connected 
to 
common. 
This causes the system offset to be inte- 
grated. 


Near 
the 
end 
of 
the 
maximum 
allowable 
deinte- 
gration 
period, 
the 
polarity 
of the voltage 
on the 
integration 
capacitor 
is again 
tested 
and 
either 
a 
positive or negative deintegration 
cycle occurs. 


Tim•• 
10 (XI0J Phe•• 


When 
zero 
crossing 
is detected 
at the 
end 
of a 
deintegration 
phase the deintegration 
is continued 
until the next clock cycle. This causes the integrator 
to overshoot 
zero crossing 
slightly, 
leaving a small 
residual 
voltage 
on the 
integration 
capacitor. 
Any 
comparator 
delay 
causes 
an 
additional 
residual 
voltage 
on the 
integration 
capacitor. 
The times 
10 
phase inverts and multiplies 
this residual by a factor 
of 10. 
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Second o.lntegretlon 
Phe•• 


The 
second 
deintegration 
phase 
deintegrates 
the 
residual voltage on the integration 
capacitor 
that has 
been inverted and multiplied 
by 10 in the X10 phase. 


Note that, since the voltage 
across the integration 
capacitor 
has been multiplied 
by 10, each clock cycle 
of 
deintegration 
during 
the 
second 
deintegration 
corresponds 
to 1/10 of one clock 
cycle 
during 
the 
first deintegration. 


Second X 10 end Third o.lnte9retlon 


The residual voltage left on the integration 
capacitor 
after the second 
deintegrate 
phase is multiplied 
by 
the second X10 phase, and this multiplied 
residual is 
deintegrated 
in the third deintegration 
phase. Since 
the residual voltage on the integration 
capacitor 
has 
twice 
been multiplied 
by 10, the third deintegration 
phase has 100 times finer 
resolution 
than does the 
first deintegration 
phase. 


Sequence Counter end Result. Counter 


The sequencing 
or timing 
of the various conversion 
phases are controlled 
by a binary sequence counter. 


This 
counter 
counts 
upward 
continuously 
except 
during 
the hold 
mode. 
Some 
phases, such 
as the 
integration 
periods, are both started and stopped 
at 
preset counts. 
The deintegration 
phases are started 
at predetermined 
counts, 
but are terminated 
when 
the comparator detects zero crossing at the integrator 
output. 


The results counter 
accumulates 
counts 
during 
all 
deintegration 
phases. It is an up/down 
BCD counter, 
with 
the count 
direction 
being 
determined 
by the 
deintegration 
polarity. 
The first deintegration 
phase 
causes 
the 
results 
counter 
to count 
by hundreds. 


Since the second deintegration 
phase is deintegrating 
a residual voltage that has been multiplied 
by 10, the 
results 
counter 
is incremented 
or decremented 
by 
tens 
during 
the 
second 
deintegration 
phase. 
The 
results counter 
is incremented 
or decremented 
by 
ones during the third deintegration 
phase. The content 
of the 
results counter 
is transferred 
to the 
results 
register at the end of each conversion. 
------_ 
Application 
Note. 
Sleep end Hold Mode 


The Hold mode stops the internal sequence counter 
at the end of the next conversion 
but does not turn 
off the oscillator 
or any analog 
circuitry. 
The Hold 
mode can be used to speed up autoranging 
- 
see 
"Autoranging", 
below. 
Dielectric 
absoption 
in 
the 
integration 
capacitor 
will cause the first two or three 
readings 
after an extended 
Hold 
period 
to have a 
lower magnitude than the steady state reading. 


The Sleep mode 
puts the 
MAX133/134 
into 
a low 
power 
quiescent 
mode 
by shutting 
off 
all analog 
circuitry 
except 
the 
DGND 
power 
supply 
and the 
oscillator. 
A typical 
use of the 
Sleep 
mode 
is to 
reduce 
power 
consumption 
by 
turning 
off 
the 
MAX133/134 if the meter is idle for a long period. A 


•• 


typical 
method 
of detecting 
when 
the 
meter 
is no 


longer 
being used is to detect when the reading stays 


constant 
and 
there 
are no operator 
inputs 
such 
as 


range or mode changes 
for an extended 
period. 


Since 
the Sleep 
mode 
turns 
off all analog 
circuitry, 
the 
first 
conversion 
after 
coming 
out 
of the 
sleep 


mode is not valid. 
It will take several readings 
before 


the reading 
has stabilized 
to within 
1 count. 


Input Protection for Dlglt.I 
Multlm.t.r. 


Figure 
2 shows 
a typical 
multimeter 
input 
circuit 
for 


ohms 
measurement. 
The 
positive 
temperature 
co- 


efficient 
(PTC) 
thermistor 
normally 
has a resistance 


of only 
2k!1, but 
under 
overload 
conditions 
it limits 


the 
fault 
current 
since 
the 
fault 
current 
heats 
the 


PTC, thereby 
increasing 
its resistance 
several orders 


of 
magnitiude. 
Protection 
on the voltage 
ranges 
is 


automatic, 
since the 10M!1 input 
resistor 
will limit the 


input 
current 
to safe limits, 
even with 4000V applied. 


Current 
ranges must be protected 
with fuses or circuit 


breakers. 
and the current 
sense 
resistors 
should 
be 


bypassed 
with diodes to limit the voltage drop across 


the current 
sense resistors 
to no more than 2 diode 


drops. 


Ext.rnal AC·DC Con".rt.r 


Figure 
10 shows 
a typical 
half wave external 
AC-DC 


converter. 
This 
circuit 
is an average-sensing, 
RMS- 


calibrated 
AC-DC 
converter. 
This 
means 
that 
the 


output 
is proportional 
to the average AC value rather 
than 
the 
RMS value, 
but that 
the 
output 
has been 


multiplied 
by the 
1.11 to correct 
for the 
ratio of the 


average 
voltage 
to the RMS voltage 
of a sine wave. If 
desired, a true RMS to DC converter 
can be connected 


between 
Ext AC Out and Ext AC In. 


FROM 
MAm:~~3J--1 


AC OUTPUT 


Printed Circuit Board Layout 


Since 
the 
integrator 
output 
makes 
common 
mode 


voltage steps equal to the reference voltage to perform 
a positive 
deintegration, 
any stray capacitance 
on the 


integration 
capacitor 
will cause errors. Stray capacitive 


loading on the Buffer output should also be minimized 
to avoid ringing 
on the buffer output. 


The 
Integrator 
In node 
is particularly 
sensitive 
to 


stray 
pickup 
of 
noise 
and 
SO/60Hz, therefore 
CINT 


should 
be located as near as possible to the Integrator 
In pin. 


Minimize 
capacitance 
on the node that joins the two 


R1NT resistors 
since 
this capacitance 
sets up an RC 


time constant 
that rounds 
off the edges 
of the input 


to the integrator 
and can cause errors. 
If the times 2 


mode is not used, then connect 
a single R1NTl directly 


from 
Buff OUT1 
to the Integrator 
In pin. Locate 
the 


RINT1 resistor as close as possible 
to the Integrator 
In 


pin since the Buffer 
Output 
is a low impedance 
point 


while the Integrator 
In pin is a high impedance 
point. 


Any 
resistance 
between 
the 
MAX133/134 
1k!1 
pin 


and the 1k!1 resistor 
adds the effective 
value of the 


1k!1 resistor, 
as does any voltage 
drop 
between 
the 


1k!1 resistor 
and 
the 
In Lo 
pin. 
These 
resistances 


should 
be minimized 
and/or 
the 
1k!1 resistor 
value 


should 
be reduced 
to compensate 
for the resistance 


of the printed 
circuit 
board connections. 


The 
effective 
resistance 
of 
any 
current 
sensing 


resistors 
is affected 
by where 
the voltage 
is sensed. 


Connect 
In Lo 
directly 
to 
one 
end 
of the 
current 


sensing 
resistor 
to avoid 
errors 
caused 
by voltage 


drops 
in the 
Common 
traces 
on the 
printed 
circuit 


board. 


"'~AXINI 


MAX133/134 


TO 
204kO 
51kO 
EXT AC 
INPUT 
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_________ 
Softw",. Not •• 
Auto'8nglng 


The sequence 
in which the registers are loaded has 


no effect provided that all registers are loaded before 
the next end of conversion. 
Control 
bits take effect 


only when the MAX133/134 
is in Hold or completes 


the 
current 
conversion. 
If the 
MAX133/134 
runs 


continuously, 
the autoranging 
sequence 
will 
be as 


shown 
in Figure 11A. If the MAX133/134 
is put into 


the hold 
mode during 
autoranging 
the autoranging 


time 
can be reduced 
in those 
cases where 
several 


ranges must be tried. See Figure 11B. A simple test 
that detects 
most overrange 
readings 
is to check 
if 


the most significant 
digit (Register 4) is greater than 


±45. 
A second 
test 
of the 
zero-corrected 
reading 


should 
also 
be performed 
to 
make sure that 
it is 


within the desired full scale range. 


AID~I ~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
- 
~~I~~I~~I~~I~~I~~I~~I~~I~~I~~ 


~~~~~~~~~ 


I 


OVERLOAD I 
DATAFRDM I 
OVERLOAD I 
DATAFRDM I 
OVERLOAD I 
DATA FROM I 
OVERLOAD I 
OATAFRDM I 
DATA FROM 
CONVERSION 
DATA FROM 
CONVERSION 
DATA FROM 
CONVERSION 
DATA FROM 
CONVERSION 
ON·SCALE 


CONVERSION 1 
IG:~:ED 
CONVERSION 3 
IG:~:ED 
CONVERSION 5 
IG:~:ED 
CONVERSION 7 
IG:~:ED 
CONVERSION 


RANSE 
COIlMANDED 
BY"P 
~ 
RANGE 
COMMANDED 
I ~ 
I 
RANGE 
18 COMMANDED 
I 


4000V I 
RANGE 
IS COMMANDED 


l000vJ 


50 
I DO 
150 
200 
250 
300 
350 
4DO 
450 


~ 
~ 
~ 
m 
m 
m 
~ 
m 
m 
-I---------~-~--- 


CONVERT 
ON 4DOmV 
RANGE 


CONVERT 
ON~V 
RANGE 


HDLO 


CONVERT II 
ON «JOV 
RANGE 


CONVERT 
ON4V 
RANGE 


CONVERT 
ON~ 
RANGE 


CONVERT 
DN_ 
RANGE 


READ CONVERSION DATA AND DETECT OVERLOAD 
7J~~ 


COMMAND THE MAXI 331134 
TO THE NEXT HIGHER SCALE 
I I- 


DISPLAY 
ON SCALE 
READING 


•• 
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Reduction of Conversion Noise 
by Avereglng Reedings 


The 
MAX133/134 
has approximately 
±1 
counts 
of 
noise. 
In most 
cases where 
only 
4000 counts 
are 
being displayed, 
averaging 
is not required 
since the 
noise is only 
1/10 of one displayed 
count. 
In data 
acquisition 
systems where the full resolution 
is being 
used, averaging N readings will reduce the noise by a 
factor of 


.;N. 


Since 
the 
noise 
of zero-corrected 
readings 
is the 
RMS sum of the noise of both the Read Zero reading 
and the normal reading, the Read Zero offset correc- 
tion should 
also be averaged 
if optimum 
noise per- 
formance 
is desired. 
BCD to Blnery Conversion 


Normally, 
if only a zero correction 
or tare correction 
is to be applied 
to the output 
of the MAX133/134, 


then the conversion 
result is left in the BCD format. If 
a scale factor 
or gain correction 
is to be made, the 
result is usually converted 
to a binary format. Any of 
the standard 
BCD to binary 
conversion 
algorithms 
can be used. A simple 
method 
of conversion 
is to 
read the MAX133/134 conversion 
result starting 
with 
the most significant 
digit. 
Put the most significant 
digit's result into a multi-byte 
accumulator 
and multi- 
ply it by 10. Then read the next digit's result and add 
it to the accumulator. 
Repeat the "multiply-read-add" 
sequence for all 5 digits. 


Using the ItfAX133/134 
in Data Acquisition Systems 
Using the Input Attenu.tor 
Inputs.s. 
Multiplexer 


In many data acquisition applications the voltage range 
is limited, and the 400mV to 4000V attenuator 
is not 
needed. 
In these cases, the input 
switches 
can be 
used as a multiplexer 
as shown in Figure 12. 
Using Non-stendard Voltage Ranges 


In many data acquisition 
systems the voltage to be 
measured 
may 
have a full 
scale 
range other 
than 
400mV, 4V, etc. 
For 
maximum 
resolution, 
the 
full 
scale range of the MAX133/134 should be adjusted to 
match 
the 
input 
signal 
voltage 
span. This 
can 
be 
done either through 
attenuation/amplification 
of the 
signal to make it match the ±400mV basic span of the 
MAX133/134, or by adjusting 
the MAX133/134 voltage 
span. 


IOMO 


1.11MO 


IOlkO 
.NIAXI.NI 
MAX133 
IOkO 
MAX134 


IkO 


CURRENT 


400nV 


EXT. AC 


CHANNEL 
I 


CHANNEL 2 


NOTES: 
1. Channels 5 and 6 are connected to Common 
via a 5kO 


resistor 
when they are not selected. 


2. Voltage Span is ±400mV. 


Table 5 shows the integration 
periods of the various 
conversion 
modes. 
These 
different 
modes 
can 
be 


used to change the full scale span of the MAX133/134. 
If for example the reference voltage is 545mV, setting 
the 50Hz 
bit changes 
the 
integration 
time 
to 655 
clock cycles and the 400mV full scale range becomes 
a 545/655 x 400mV = 333mV full scale range. Acti- 
vating the +5 bit increases the full scale span by a 
factor of 5, while setting the X2 bit decreases the full 
scale span by a factor of 2 (assuming RINT1= RINT2)' 


In all cases, the values 
of 
RINT1' RINT2' and 
CINT 


should be chosen so that integrator 
swing is at least 


2V,and integrator current is always less than 3IJ.Aboth 
during 
deintegrate 
and during 
integrate 
with a full 
scale input voltage. The common 
mode voltage range 
of IN Hi and In Lo is from (V- +1.5V) to (V+ -1.0V). 


Unlpol.r Oper.tlon 


Unlike 
most integrating 
NOs, 
the MAX133/134 does 
not have extra non-linearities 
around zero. This allows 
the use of the full 80,000 count resolution 
to measure 
unipolar signals. All that is needed is a resistive offset 
network 
to translate 
the 
unipolar 
signal 
so that 
it 
becomes 
bipolar. 
An external 
zero circuit 
must 
be 
included 
so that errors 
in the offset 
resistor 
can be 


SELECTED 
10-1 
10-2 
10-' 
10'" 
DIVIDER 
EXT 
CHANNEL 
SENSE 
CURRENT 
DC 
AC 


1 
1 
0 
0 
0 
1 
X 
1 
0 
2 
0 
1 
0 
0 
1 
X 
1 
0 
3 
0 
0 
1 
0 
1 
X 
1 
0 
4 
0 
0 
0 
1 
1 
X 
1 
0 
5 
0 
0 
0 
0 
0 
1 
1 
0 
6 
0 
0 
0 
0 
0 
0 
1 
0 
7 
0 
0 
0 
0 
x 
x 
0 
1 


measured 
and subtracted. 
Note that the zero correc- 
tion software 
is the same as would 
be used to correct 


for the internal 
zero error of the MAX133/134, 
except 


that in this case the external 
zero offset will be nearly 


40,000 counts. 
Ratlometr/c "'easurements 
of I.o8d C8l1and St,../n Gauges 


In many 
weigh 
scale, 
pressure 
transducer, 
and load 
cell applications 
ratiometric 
measurements 
are desired. 


If the reference 
voltage 
is referenced 
to the ground 
or 
Common 
pin, then simply 
connect 
the reference 
volt- 
age 
to 
the 
Ref 
In pin, 
connect 
the 
voltage 
to 
be 
measured 
to In Hi and In Lo and perform 
any of the 


voltage 
mode conversions. 
If, on the other 
hand, the 


reference voltage is a differential 
signal, use the circuit 
of Figure 13 and select the ohms measurement 
mode. 
Note that the non-inverting 
input of the integrator 
will 
be connected 
to 
either 
Ref 
Lo 
or 
REF 
Hi 
during 
deintegration. 
The integrator 
swing should be reduced 


if the integrator 
output 
goes within 
0.5V of either 
V+ 
or V-. In no case should 
either 
Ref Hi or Ref Lo be 


lower than (V- + 1.5V) or higher than (V+ - 1.0V). 


Operation with Clock Frequencies 
Other Than 32, 768Hz 


Operation 
with 
clock 
frequencies 
lower 
than 
32kHz 
slightly 
improves 
the noise performance, 
while at the 
same time reducing 
the reading 
rate proportionately. 


With 
clock 
frequencies 
less 
than 
10kHz, 
leakages 
during the X10 phase will introduce 
differential 
linearity 


errors at high temperatures. 


Clock 
frequencies 
higher 
than 50kHz are not recom- 
mended 
since 
the 
X10 period 
will 
not 
completely 


settle within 
its allotted time period, causing differential 
nonlinearity 
errors. Another 
potential 
problem 
at very 


high clock 
frequencies 
is that, although 
the compar- 


ator delay is a fixed time period, 
it increases 
in terms 
of clock 
cycles 
as the clock 
frequency 
increases. 
At 


very 
high 
clock 
frequencies 
the 
residue 
cannot 
be 


fully 
deintegrated 
in the 
allotted 
number 
of 
clock 


cycles 
after 
having 
been multiplied 
by 10 in the X10 
phase. 


When 
using 
a clock 
frequency 
other 
than 32,768Hz, 
change 
the value of the integration 
capacitor 
CINT to 


keep integrator 
swing at approximately 
2V. 


Conllertlng the Times 2 Mode 
to a ± 40mV Full See/e Range 


The sensitivity 
of the times two mode is increased 
by 


the factor 


RINT1 + RINT2 


R1NT1 


33A Digit DMM Circuit 


In the normal 
OMM aplication 
RINT1 = RINT2 and the 
X2 mode increases 
the sensitivity 
of the MAX133/134 


by a factor of 2. If the two resistors 
have a 9 to 1 ratio, 


the X2 bit will increase 
the sensitivity 
of the MAX133/ 


134 by a factor 
of 10. This 
can 
be used to get 1JJ.V 


resolution 
on a 40mV scale. 


Disabling the Actille Filter 


Since 
the 
signal 
source 
impedance 
in 
many 
data 
acquisition 
systems 
is very low, the value of the filter 


resistors, 
RFILTER1and 
RF1LTER2,can 
be lowered 
to 
reduce the error caused by the leakage current 
of the 


NO 
flowing 
through 
RFILTER1. If 
rapid 
settling 
is 


needed 
in a multichannel 
data 
acquisition 
system, 


then the filter should 
be disabled 
by leaving 
the pins 
Filter 
Resistor 
In and 
Filter 
Resistor 
Out open, 
and 
shorting 
Filter 
Amp 
Out 
to 
Filter 
Amp 
In. Do 
not 
leave the 
filter 
amplifier 
connection 
open 
circuited, 


since oscillations 
may occur. 


{ 


REf 
HI 


DifFERENTIAL 
REfERENCE 
VOLTAGE 
REf lOW 


EXT AC 
OUTPUT 


10lkO 
Ao1AXIAo1 
MAX133 
MAX134 


EXT AC 
INPUT 


IN lo 


{ 


IN 
HI 


DifFERENTIAL 
INPUT 
VOLTAGE 
IN lOW 


BIT PATTERN 


10-0 TO 10-' 
R/2 
DIVIDER 
CURRENT 
DC 
EXT AC 
SENSE 


0 
1 
1 
0 
0 
1 
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Y+ 
OSC 1 
OSC 2 
ENO OF CONI! 
BEEPER 
N/C 
IN LO 
INT OUT 
INT IN 
FIlTER AMP IN 
FIlTER AMP OUT 


BUFFER 2 OUT 
BUFFER lOUT 
CURRENT IN 
OHMS SOURCE 
FILTER RESISTOR IN 
N/C 
Y- 
EXT AC IN 
EXT AC OUT 
400MY 
IN 


YREFIN 


~I 
osX; 


0.185" 
14.70mml 
OSC Z 
END Of CONVERSION 
BEEPER 


IN LO 
INT OUT 
INT IN 
fiLTER 
AMP 
IN 
fiLTER 
AMP OUT 


~~I~JXI~~I 


Low Powerl 3~ Digit A/D Converter 


With Display Hold 


_______ 
Gener.I Description 


The Maxim 
MAX136 is a monolithic 
analog 
to digital 


converter 
with 
very 
high 
input 
impedance. 
It differs 


from the Maxim ICL7136 in that the MAX136 provides a 
Hold pin, which 
makes it possible to hold or "freeze" a 


reading. The MAX136 directly 
drives a non-multiplexed 


liquid crystal (LCD) display, requiring 
no external drive 


circuitry. 
With minor external component 
changes, 
it is 


pin compatible 
with the ICL7116 but with significantly 


reduced 
power 
consumption, 
making 
the MAX136 a 


superior 
device for portable 
systems. 


Versatility 
and accuracy 
are inherent 
features 
of this 


converter. 
The dual-slope 
conversion 
technique 
auto- 


matically 
rejects interference 
signals common 
in indus- 


trial environments. 
True differential 
inputs allow direct 


measurements 
of bridge 
transducer 
outputs 
or load 


cells. The zero-integrator 
phase eliminates 
overrange 


hangover 
and hysteresis 
effects. 
The MAX136 offers 


high accuracy 
by lowering 
rollover 
error to less than 


one count 
and zero reading 
drift to less than 1J.'VloC. 


_________ 
Appllcatlons 


These devices 
can be used in a wide range of digital 


panel meter applications. 
Most applications, 
however, in- 
volve the measurement 
and display 
of analog data: 


Pressure 
Conductance 


Voltage 
Current 


Resistance 
Speed 
Temperature 
Material Thickness 


+ 
ANAUIG 
INPUT 


____________ 
F•• tur•• 


• 
Power 
dissipation 
guaranteed 
less 
than 
1mW-9V 
battery 
life 3000 hours 
typical 


• 
Hold pin allows Indefinite 
display 
hold 


• 
Guaranteed 
first reading 
recovery 
from overrange 


• 
On board Display 
Drive Capability-no 
extemal 


circuitry 
required 


• 
High Impedance 
CMOS Differential 
Inputs 


• 
Low Noise « 
15J.'Vp-p) without 
hysteresis 
or 
overrange 
hangover 


• 
Clock and Reference 
On-Chip 


• 
Zero Input Gives Zero Reading 


• 
1I'ue Polarity 
Indication 
for Precision 
Null 
Applications 


• 
Key Parameters 
Guaranteed 
over Temperature 


PART 
TEMP. RANGE 
PACKAGE 


MAX136CPL 
DOCto +7DoC 
4D Lead Plastic DIP 


MAX136CJL 
DOCto +7DoC 
4D Lead CERDIP 


MAX136CQH 
DOCto +7DoC 
44 Lead Plastic Chip Carrier 


MAX136C/D 
DOCto +7DoC 
Dice 


~O~~ 
I 
Cl 


l'~S 
::Fl 
GI 
El 
02 
C2 


10~'S 
:~ 
F2 


E2 
03 


l00'S 
83 
L 


F3 


E3 
looo'S 
- 
A84 
POL 
20 


(MINUS 
SIGN) 


OSCI 


OSC2 


OSC3 


TEST 
REF HI 
y+ 


C+REF 
C-REF 


COMMON 


IN HI 
IN LO 
All 


8UFF 


INT 
y- 


G2 (10'S) 
C31 
A3 
100'S 
G3 .--J 


8P 


Low Power, 3~ Digit A/D Converter 
With Display Hold 


ABSOLUTE MAXIMUM RATINGS 


Supply Voltage (v+ to V-) 
15V 


Analog Input Voltage (either input) (Note 1) ...•...... 
v+ to V- 


Reference Input Voltage (either input) 
,...... 
v+ to V~ 


Clock Input, Hold Input.. 
. . . ... . . ... . . .. . . . ..•. 
.. 
TEST to V 


Power Dissipation 
(Note 2) 


Cerdip Package. 
. . . . . . . . . . . . .• . .. . . .• . .• . . . . . . . . .. 
800mW 


Plastic Package 
....................•.............. 
800mW 


Operating Temperature 
O°C to +70°C 


Storage Temperature 
, 
-65°C to +160°C 


Lead Temperature (Soldering, 60 sec.) 
....•........... 
+300°C 


Input voltages may exceed the supply voltages, provided the input current is limited to ±1mA. 
Dissipation 
rating assumes device is mounted with all leads soldered to printed circuit board. 


Stresses above those listed under ':4bsolute Maximum 
Ratings" may cause permanent 
damage to the device. These are stress ratings only and functional 


operation 
of the device at these or any other conditions 
above those indicated in the operational 
sections of the specifications 
is not implied. Exposure to 


absolute maximum 
rating conditions for extended periods may affect device refiability. 


ELECTRICAL CHARACTERISTICS 
(v+ = 9V; TA = 25°C; fCLOCK= 48kHz; test circuit- 
Figure 1 unless noted.) 


PARAMETERS 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


V'N = O.OV,Full Scale = 200.0mV 
Zero Input Reading 
TA = 25°C (Note 3) 
-000.0 
±OOO.O 
+000.0 
Digitai 


0° 5 TA 570°C 
(Note 6) 
-000.0 
±OOO.O 
+000.0 
Reading 


V'N= VAEF, VAEF = 100mV 
Ratiometric 
Reading 
TA = 25°C (Note 3) 
999 
999/1000 
1000 
Digital 


0° 5 TA 570°C 
(Note 6) 
998 
999/1000 
1001 
Reading 


Rollover Error (Difference 
in 
-V'N = +V'N" 2oo.0mV 


reading for equal positive and 
TA = 25°C (Note 3) 
-1 
±0.2 
+1 
Counts 


negative reading near Full Scale) 
0° 5 TA 570°C 
(Note 6) 
±0.2 


Linearity 
(Max. deviation from 
Full Scale = 200.0mV 
-1 
±0.2 
+1 
Counts 


best straight 
line fit) 
or full scale = 2.000V 


Common 
Mode Rejection Ratio 
VCM= ± 1V,V'N = OV 


(Note 7) 
Full Scale = 2oo.0mV 
5 
/iVN 


Noise (Pk-Pk value not exceeded 
V'N = OV 


95% of time) 
Full Scale = 2oo.0mV 
10 
/iV 


Input Leakage Current 
V'N= 0, TA = 25°C (Note 3) 
1 
10 
pA 


0° 5 TA5 
70°C 
20 
200 


Zero Reading Drift 
V'N= 0, 0° 5 TA 570°C 
(Note 6) 
0.2 
1 
/iVfOC 


Scale Factor Temperature 
V'N= 199.0mV 


Coefficient 
0° 5TA570°C 
1 
5 
ppmfOC 
(Ext. Ref. OppmfOC)(Note 6) 


v+ Supply Current 
V'N= 0 
TA = 25°C 
80 
150 
/iA 


0° 5TA570°C 
200 


Analog Common Voltage (with 
250kfl between Common 
& 
2.6 
2.8 
3.2 
V 
respect to Pos. supply) 
Pos. Supply 


Temp. Coeff. of Analog Common 
250kfl between Common 
& 
75 
ppmfOC 
(with respect to Pos. Supply 
Pos. Supply 


Input Resistance, Pin 1 
1000 
Mil 


V'L' Pin 1 
TEST +1.5 
V 


V'H' Pin 1 
V+ -1.5 
V 


Pk-Pk Segment Drive Voltage 
V+ to V- = 9V (Note 8) 
4 
5 
6 
V 
Pk-Pk Backplane Drive Voltage 


Test Pin Voltage 
With Respect to V+ 
4 
5 
6 
V 


Overload Recovery Time (Note 5) 
V'Nchanging from ± 10V to OV 
0 
1 
Measurement 
Cycles 


Test condition 
is V'Napplied between pins IN-HI and IN-LO, i.e., 1Mfl resistor in Figures 1 and 2. 
All pins are designed to withstand eiectrostatic 
discharge (ESD) levels in excess of 2000V (Test circuit per Mil. Std. 883C, 


Method 3015 .2) 
Number of measurement cycles for display to give accurate reading. 
1Mfl resistor is removed in Figures 1 and 2. 
Refer to "Differential 
Input" discussion 
(See Maxim's ICL7136 data sheet). 


Back plane drive is in phase with segment drive for 'off' segment, 180° out of phase for 'on' segment. Frequency is 20 times 
conversion 
rate. Average DC component 
is less than 50mV. 


NoteS: 
Note 6: 
Note 7: 
Note 8: 


Low Power, 3~ Digit A/D Converter 


With Display Hold 


______ 
Detalled Description 


The Maxim MAX136 3'h digit AID converter 
is similarto 


the Maxim 
ICL7136 except 
for the addition 
of a Hold 


pin. For a detailed 
product 
description, 
and applica- 


tions information 
(other than the operation 
of the Hold 


pin described 
below), 
refer to Maxim's 
ICL7136 data 


sheet. 


Hold Input 


The Hold input is a digital 
input with a logic threshold 


approximately 
midway 
between 
V+ and 
Test. The 


MAX136 continuously 
performs 
conversions, 
indepen- 


dentofthe 
Hold input. When the Hold input is at V+the 


display 
latch pulse is inhibited, 
and the display latches 


+ 
ANALOG 
INPUT 
_ 


lCD 
lCD 
DISPLAY 
DISPLAY 


lMll 
+ 
ANALOG 


POL 
INPUT 
_ 


BP 
TEST 


HOLD 


y. 
y. 
35 


I.BMll 


REf HI 
0.047~f 
REf HI 


TO ANALOG 
..M.•••.• 
XI..M 
T1l ANALOG 


lllllkO 
COMMON 
'PIN 
321 
MAX 136 
IDO 
COMMON 
(P'N 
32) 


CI 
_N..,~i: 
ccDuo~~~fg~~~ 
B, 
A, 
~ 
~ 
• 
M 
N 
_ 3 ~ ~ ; ~ 
f, 
B, 
E, 
C, 
f, 
0 
y. 


AB, 
0, 
G, 
C+REF 


_ 
POL 
HOLD 
E, 
C-"EF 


!;;~ BP 
OSC, 
0, 
COMMON 


d~ 
OSC, 
C, 
IN HI 


NC 
.;MAXI"""'" 
NC 


B, 
MAX136 
IN lO 
G, 


A, 
AfZ 
A, 
OSC, 
f, 
BUff 


C, 
TEST 
E, 
INT 
G, 
REf HI 
0, 
y- 


y. 


are not updated; 
when the Hold input 
is low or at the 


Test voltage, the display 
is updated 
at the end of each 


conversion. 
The MAX136 maintains 
low power dissipa- 


tion even during 
display 
hold by eliminating 
the pull- 


down 
resistor 
between 
Hold and Test present 
on the 


ICL7116. The Hold input is CMOS compatible, 
and can 


also be driven by a switch connected 
between Test and 


V+ (Figure 
1). 


Reference Input 


Unlike 
the 
ICL7136, 
the 
MAX136 
does 
not 
have 
a 


Reference 
Low 
input. 
Apply 
the 
reference 
voltage 


between 
Reference 
High 
(REF HI) and Common. 


2930 


All 
INHI c-", 


IN lD 
COMMON 
C·", 


':~~ml 
44LeadPlasllcChipCarrier(QuadPack) 


M.x~m cannot assume responsibility for use of any circuitry other than circuitry entirely embodied in 8 Maxim product. No circuit patent licensss are Implied. 
MaXim reserves the right to chang. 
the circuitry and specifications 
without notice .t any tim•. 
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3% Digit A/D 
Converters with Bandgap 


Reference and Charge Pump Voltage Converter 


_______ 
General Description 


The MAX138 and MAX139 are 3% digit AID converters 
with onboard 
LCD (MAX138) 
and LED (MAX139) 
dis- 


play drivers. 
The MAX138 and MAX139 also contain 
a 


charge 
pump 
voltage 
inverter. 
The charge 
pump 
in- 
verter allows the MAX138/139 to measure both positive 
and 
negative 
input 
voltages 
while 
operating 
from 
a 


single 
power 
supply 
voltage 
from 
+2.5V to +7V. The 


operating 
circuits 
of the 
MAX138 
and 
MAX139 
are 


similar 
to those 
of the ICL7136 and ICL7137 
respec- 
tively, 
except 
that 
the 
MAX138/139 
have an internal 


oscillator, 
and an external 
charge 
pump 
capacitor 
is 


connected 
to pins 38 and 40. 


MAX140 is a low segment 
current 
version 
of MAX139 


intended 
for use with 
low current 
LED displays. 


__________ 
Applications 


+5V Powered 
Panel Meters 


Weigh 
Scales 


Digital 
Thermometers 


.•.•..""'J XI,,,,,. 


MAX138 
MAX139 
'5V 


MAX140 


____________ 
Features 


• 
Single Supply +2.5V to +7.0V Operation 


• 
Measures Both Positive and Negative 
Input 
Voltages 


• 
Charge Pump Voltage Inverter Generates 
a 
Negative Supply Voltage 


• 
Internal Bandgap Reference 


• 
Onboard 
Display Driver 


• 
Low Segment Current (MAX140) 


PART 
TEMP. RANGE 
PACKAGE 


MAX138CPL 
DoC to +70°C 
40 Lead Plastic 0 IP 


MAX138COH 
O°C to +70°C 
44 Lead Plastic Chip Carrier 


MAX138C/D 
O°C to +70°C 
Dice 


MAX138EPL 
-40°C 
to +85°C 
40 Lead Plastic 
DIP 


MAX138EOH 
-40°C 
to +85°C 
44 Lead Plastic Chip Carrier 


MAX139CPL 
O°C to +70°C 
40 Lead Plastic 01P 


MAX139COH 
O°C to +70°C 
44 Lead Plastic Chip Carrier 


MAX139C/D 
O°C to +70°C 
Dice 


MAX139EPL 
-40°C 
to +85°C 
40 Lead Plastic DIP 


MAX139EOH 
-40°C 
to +85°C 
44 Lead Plastic Chip Carrier 


MAX140CPL 
O°C to +70°C 
40 Lead Plastic DIP 


MAX140COH 
O°C to +70°C 
44 Lead Plastic Chip Carrier 


MAX140C/D 
O°C to +70°C 
Dice 


MAX140EPL 
-40°C to +85°C 
40 Lead Plastic DIP 


MAX140EOH 
-40°C 
to +85°C 
44 Lead Plastic Chip Carrier 


y. 
,. 
'-/ 
CAP. 


~g~ 
~~ 


81 
7 
TEST 


1~.S :0:21,: 
'vi" x I/v, 
:~~~~J; 


MAX138 
"COMMON 


C2" 
MAX139 
"IN 
HI 


82" 
MAX140 
'IN 
LO 
T ~~:. 
,:~F 


10315 
v· 


lOa'S 
83 
" 
4 g~~) 
L~~: 
A3 
100'. 


1000·s-A8. 
' 
G3---.J 


POL 
' 
BP 
(MAX138) 
(MINUS SIGN:'")"1- 
.....1- 
DIGITAL GND 


(MAX1391140) 


Pin 21 must 
be GND 
on MAX139/140. 


See last page for Plastic 
Chip Carrier 
Pin Configuration. 


•• 


3% Digit A/D 
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ABSOLUTE 
MAXIMUM 
RATINGS (Note 1) 


Supply 
Voltage 
(V' 
to GND) 
7.5V 
Supply 
Voltage 
(V' 
to GND) 
MAX138 
+7.5V 
MAX139, 
MAX140 
+6.0V 


Analog 
Input 
Voltage 
(either 
input) 
(Note 
2) 
V' 
to V' 


Reference 
Input 
Voltage 
(either 
input) 
V' to V' 


Power 
Dissipation 
(Note 
3) 
CERDIP 
Package 
1000mW 
Plastic 
Package 
800mW 
Storage 
Temperature 
Range 
-65°C 
to +160°C 
Lead 
Temperature 
(Soldering, 
10 sec.) 
+300° C 


V- 
is generated 
on the 
device 
and 
is equal 
to V+ 


but opposite 
in polarity. 
Input 
voltages 
may 
exceed 
the 
supply 
voltages, 


provided 
the 
input 
current 
is limited 
to ±1 mA. 


Dissipation 
rating 
assumes 
device 
is mounted 
with 


all leads 
soldered 
to printed 
circuit 
board. 


Stresses ebove those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. These are stress ratings only, and 
functionaf operation of the device at these or any other conditions above those indicated in the operational sections of the specification 
is not 


implied. Exposure to absolute Maximum ratings conditions for extended periods may affect the device reliability. 


ELECTRICAL 
CHARACTERISTICS 
(MAX138, MAX139, MAX140) 


(V' = +5V, TA = +25°C, 
test circuit-Figure 
1) 


PARAMETERS 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Zero 
Input 
Reading 
V,N = O.OV,Full Scale = 200mV 
TA = 25°C 
(Note 
4) 
-000.0 
±OOO.O 
+000.0 
Digital 


0° :S TA:S 
70°C 
(Note 5) 
-000.0 
±OOO.O 
+000.0 
Reading 


Ratiometric 
Reading 
V,N = VREF' VREF = 100mV 
TA = 25°C 
(Note 
4) 
999 
999/1000 
1000 
Digital 


0° :S T A :S 70° C (Note 5) 
99B 
999/1000 
1001 
Reading 


Rollover 
Error 
(Difference 
in 
-V,N = +V,N "" 200mV 


reading 
for equal 
positive 
and 
TA = 25°C 
(Note 
4) 
-1 
±0.2 
+1 
Counts 


negative 
reading 
near Full Scale) 
0° :S TA :S 70° C (Note 5) 
±0.2 


Linearity 
(Max. 
deviation 
from 
best 
Full Scale = 200mV 
-1 
±0.2 
+1 
Counts 


straight 
line fit) 
or full 
scale = 2.000V (Note 
6) 


Common 
Mode 
Rejection 
Ratio 
VO.1 = ±1V, V,N = OV 
Full Scale = 200mV 
50 
pVN 


Noise 
(Pk-Pk 
value 
not exceeded 
V,N = OV 
95% of time) 
Full Scale = 200mV 
15 
pV 


Input 
Leakage 
Current 
V'N = 0 
TA = 25°C 
(Note 
4) 
1 
10 
pA 


0° :S TA:S 
70°C 
20 
200 


Zero 
Reading 
Drift 
V,N = 0 
0° :S TA:S 
70°C 
(Note 4) 
0.2 
pV/oC 


Scale 
Factor 
Temperature 
V,N = 199mV 
Coefficient 
0° :S TA:S 
70°C 
1 
ppmloC 


(Ext. 
Ref. Oppm/OC) 
(Note 
4) 


V' Supply 
Current 
V,N = 0 


(See Figure 
4A) 
TA = 25°C 
200 
500 
pA 


0° :S TA:S 
70°C 
BOO 


Analog 
Common 
Voltage 
(with 
25kO 
between 
Common 
& Pos. Supply 
2.95 
3.05 
3.15 
V 
respect 
to Pos. Supply) 


Temp. 
Coeff. 
of Analog 
Common 
250kO 
between 
Common 
& Pos. Supply 
±20 
±1oo 
ppm/oC 
(with 
respect 
to Pos. Supply) 
(Note 
7) 
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ELECTRICAL 
CHARACTERISTICS 
(MAX138) 


(V' = +5V, TA = +25°C; test circuit-Figure 
1) 


PARAMETERS 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Pk-Pk 
Segment 
Drive Voltage 
4 
5 
6 
V 
Pk-Pk 
Backplane 
Drive Voltage 


Test Pin Voltage 
With 
Respect 
to V+ 
4 
5 
6 
V 


ELECTRICAL 
CHARACTERISTICS 
(MAX139, MAX140) 


(V+ = +5V, TA = +25°C; test circuit-Figure 
2) 


PARAMETERS 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Except 
Pin 19 
5 
9 
15 
MAX139 
mA 


Pin 19 
10 
18 
30 


Segment 
Drive 
Current 


Except 
Pin 19 
1.5 
2.5 
3.5 
MAX140 
mA 
Pin 19 
3 
5 
7 


Note 4: 
Note 5: 
Note 6: 
Note 7: 


Test condition 
is VIN applied 
between 
pin IN HI and IN LO through 
a 1MO series resistor 
as shown 
in Figures 
1 and 2. 
1MO resistor 
is removed 
in Figures 
1 and 2. 


Guaranteed 
by design. 


Sample 
tested 
to ensure 
compliance. 
_______ 
Basic Applications 


Figures 1 and 2 show the typical operating 
circuit for 


the 
MAX138/139/140 
when 
powered 
by 
a single 


+5Y supply. 


Compatibility with ICL7106, 


_____ 
ICL7136 and ICL7137 


The MAX138/139/140 can replace the ICL7106/1CL7136 
and ICL7137 with minor circuit 
and component 
value 


changes. 
The 
ICL7106/36/37 
oscillator 
components 


are not used, and are replaced 
with a 1pF capacitor 


connected 
between pins 38 and 40. There must be a 


1pF filter capacitor 
connected 
to Y-. The filter capa- 


citor 
can be connected 
between either Y- and GND 


or Y- and Y+. 
_____ 
System Reference Point 


The analog block diagram of the MAX138/139 is shown 
in Figure 3. The MAX138/139 use the IN LO pin as the 
reference point for the integrator. 


The circuit configuration 
of the MAX138/139 results in 


a superior 
120dB rejection of common 
mode voltages 


applied to IN HI and IN LO. The MAX138/139 config- 
uration, though, 
does not have good rejection 
of AC 


noise on the IN LO pin during 
de-integration. 
If an 


AC-DC converter is used with a MAX138/139, it should 
either be a half-wave circuit 
or should have adequate 


filtering 
to avoid inducing 
additional 
noise. 
_______ 
DetBiled Description 


Conversion Method 


The 
MAX138/139/140 
use the dual-slope 
integration 


method 
of conversion, 
with the addition 
of an auto- 


zero phase to compensate 
for the offset of the buffer 


and integrator, 
and the addition 
of a zero integrator 


phase to ensure 
rapid 
recovery 
from 
an overrange 


conversion. 
Refer to the 
ICL7106 data sheet 
for 
a 


detailed 
description 
of the 
conversion 
phases 
and 
•• 
timing. 
~ 
The conversion 
result is 1000 x (IN HI-IN 
LO)/(REF 


HI-REF 
LO), with a maximum 
conversion 
result 
of 


±1999. If the input voltage 
is greater than full scale, 


the MAX138/139/140 
will blank the lower three digits, 


and will display the leading "1" digit and, if the input 
voltage 
is 
negative, 
will 
also 
turn 
on 
the 
Minus 
segment. 


F~~GlCALE 
VA" 


200.0 mV 
100.0mV 
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r~~~TSCALE 
VA" 


200.0mV 
100.0mV 


Oscillator 


The 
MAX138/139/140 
oscillator 
circuit 
uses no ex- 


ternal components. 
It is trimmed during production 
to 


40kHz nominal. 
This results in a conversion 
rate of 


approximately 
2.5 conversions 
per second. The typi- 


cal characteristics 
graph (Figure 4B) shows the varia- 


tion with changes in supply voltage. 


In Lo and In Hi Differential 
Inputs 


These AID converters measure the differential 
voltage 


between IN La and IN HI. The typical common 
mode 


rejection 
ratio (CMRR) is 120dB. 


IN 
HI 
has a guaranteed 
maximum 
input 
leakage 


current 
of only 
10pA, and can be directly 
driven 
by 


high source 
impedances 
such as pH sensors and by 


the 10 Megohm input impedance attenuators 
normally 


used in digital 
multi meters. 
Both 
IN HI and 
IN La 


have protection 
clamp diodes to V+and V-. If the input 


voltage can go above V+ or below V-, then the input 
currents should be limited to less than 1mA to prevent 
damage to the ND. 


The MAX138/139/140 
common mode voltage range for 


IN HI and IN La is a minimum 
of ±1V around COM- 
MON. Under some circumstances, 
IN HI and IN La 


can range from V- + 1.5V to V+ - 1.5V.See "Common 
Mode Voltage Range Considerations" 
section 
of the 


Application 
Notes for further 
information. 


Reference and CREF Pins 


As shown 
in the analog 
block 
diagram, 
Figure 
3, 


REF HI and REF La are connected 
to the CR,EFpins 


during 
autozero 
and zero integrate 
phases via ana- 


log 
switches. 
This 
charges 
an 
external 
reference 
capacitor, which is then used as either a positive or a 
negative reference voltage as needed during 
the de- 


integration 
phase. The common 
mode voltage 
range 


(CMVR) 
of REF HI and 
REF La 
is V+ to V--any 


voltage 
between V+ and V- can be used to drive the 


REF HI and REF La inputs. The differential 
voltage 


between 
REF HI and 
REF La 
sets the 
full 
scale 


voltage. 
A full scale output 
of ±1999 counts 
occurs 


with an input voltage of ±1.999 times the differential 
voltage between REF HI and REF La. If the differential 
reference voltage is 1.0V the full scale input voltage is 
1.999V. With 
100mV reference 
the 
full 
scale 
input 


voltage is 199.9mV. 


LCD Display Driller Outputs 


The MAX138 LCD display driver outputs 
swing from 


V+ to GND at a frequency 
of 20 times the conversion 


rate. The output impedance is approximately 
3k ohms. 


The LCD display driver outputs 
are non-multiplexed 


or direct drive, and drive in-phase with the backplane 
output to turn an LCD segment off and drive 180° out 
of phase with the backplane 
output 
to turn an LCD 


segment on. 


The BP or backplane output has an output impedance 
of 500n. The LCD drive waveforms are 50% duty cycle 
with matched 
rise and fall times to minimize 
the DC 


component 
across the LCD display. 


Common Pin Voltage Reference 


The 
COMMON 
voltage 
is derived 
from 
a bandgap 


reference, 
unlike 
earlier 
devices 
which 
derive 
the 
COMMON 
voltage from a zener. The bandgap 
refer- 
ence eliminates 
the excessive 
long term drift 
asso- 
ciated 
with 
low 
current 
zeners, 
and 
the 
MAX1381 
139/140 can be a source 
of a high quality 
reference 
voltage without the use of external bandgap reference 
diodes. 
The 
COMMON 
voltage 
does 
have slightly 
more 
wide band 
noise 
than 
does 
a zener-derived 
COMMON 
voltage, 
but a 0.1tJF or greater 
reference 
capacitor 
will 
reduce 
the 
bandwidth 
sufficiently 
to 


virtually 
eliminate 
the noise. 


The long term 
stability 
of the COMMON 
voltage 
is 
approximately 
0.01% (100ppm or 1/5 count). 


These devices are sample tested to ensure a maximum 
temperature 
coefficient 
of 100ppm/oC. 


The 
COMMON 
voltage 
is buffered 
by an op amp 
which 
has an output 
impedance 
of 1 ohm and up to 


2mA output 
sink current, 
and a short circuit 
current 
of approximately 
25mA max at 3.5V. The COMMON 
pin has a small pull-up 
current 
of 1tJA typical, 
and if 
desired 
it can be driven to a voltage 
more negative 
than its internally 
generated voltage by overpowering 
the pull-up 
current source. 


The COMMON 
voltage is trimmed 
to 3.05V ± 100mV. 
This is significantly 
more accurate 
than the 2.4V to 
3.2V span allowed 
in the ICL7106. The better voltage 
accuracy 
allows 
the 
trim 
range 
of 
the 
reference 


voltage to be reduced, increasing 
resolution and ease 


of adjustment. 


MAX139 
and MAX140 
Test Voltage 


This internal 
test voltage is coupled 
to the TEST pin 
via a 500 ohm resistor. When this pin is pulled high, 
all segments are turned on. 


1-38 
/I;'I/J 
X 1/1;'1 
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The MAX139/140 
LED display 
driver 
outputs 
are N- 


Channel 
current 
sinks with output current vs. voltage 


characteristics 
as shown in the typical characteristics 


graphs. 
______ 
Component Selection 
Integrator 
Resistor, R'NT 


The MAX138/139/140 
integrator 
and buffer amplifiers 


have a class A output 
stage which 
can deliver up to 


4jJA with high linearity. Normally, the MAX138/139/140 
integrator 
resistor 
is chosen 
to 
set the 
maximum 
current 
to 1.1jJA by setting its value to 2 x VREf/1.1jJA. 


For a 1V reference the correct 
value is 1.8MO. For a 
100mV reference 
the correct 
value is 180k. Since the 


absolute 
value of R'NT does not affect the conversion 


accuracy, 
the type of resistor 
used for 
R'NT is not 


critical. 


Integrator 
Capacitor 


The 
integrator 
capacitor 
is normally 
polypropylene, 


which has low dielectric absorption. 
Dielectric absorp- 
tion will cause integral linearity errors. For example, if 
polyester 
or Mylar 
is used, the 
measured 
value 
of 


inputs near full scale will be approximately 
0.1% lower 


than expected, 
while the measured value of low input 


voltages 
will be as expected. 


Proper selection 
of the integrator 
capacitor 
value can 
be verified 
by monitoring' 
the output 
swing 
of the 


integrator with ±full scale input voltages. In a properly 
operating 
circuit, 
±full 
scale input voltages will cause 


the integrator 
output (INT pin) to swing to about ±2V. 


The integrator 
output 
can drive to about 
0.3V from 
either supply while maintaining 
high linearity. 


If the value of the integrator 
capacitor 
or integrator 


resistor 
is too low, ±full 
scale inputs will cause the 


integrator 
to saturate as it attempts to drive above V' 


,lc1NT 


INT 


TO 
DIGITAL 
SECTION 
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or 
below 
V-. 
If this 
occurs, 
operation 
will 
appear 
•• 
normal 
for 
low 
input 
voltages, 
but the 
conversion 
~ 
results for higher output voltages will be less than full 
scale. 


Very low integrator 
swing will increase the amount of 
noise 
or 
"flicker" 
of 
the 
conversions. 
A full 
scale 
integrator 
swing 
of ±1V 
is sufficient 
to avoid 
any 
significant 
degradation 
of the noise performance, 
and 
should 
be used for operation 
with a 2.5V supply. 


Reference Capacitor 


For most circuits 
a reference capacitor 
value of 0.1jJF 
is adequate. 
However, 
a larger 
value 
is needed 
to 
prevent rollover error if there is significant 
stray capa- 


citance at the reference capacitor 
terminals. 
Minimize 
the 
stray 
capacitance 
on 
the 
reference 
capac,tor 
terminals to reduce the rollover error, and if necessary, 
increase the reference capacitor 
value to 1.0jJF. 


The printed circuit 
board should be carefully 
cleaned 
to minimize 
leakage at the CREF terminals 
since leak- 


age will cause both gain and rollover 
errors. 
Due to 
the 
increased 
leakage 
of 
the 
MAX138/139/140 
at 
+70°C, a 1.0jJF reference 
capacitor 
is recommended 
to reduce rollover and gain errors at high temperature. 


The reference capacitor 
is typically 
a low leakage film 
capacitor. 
Polyester 
(Mylar) 
is acceptable 
in applica- 


tions where the reference voltage 
is constant. 
A low 
dielectric 
absorption 
capacitor 
such as polypropylene 
should 
be used if the reference 
voltage 
is variable, 
since any dielectric 
absorption 
will increase the set- 


tling 
time 
in 
response 
to 
a change 
in 
reference 
voltage. Since the reference voltage varies in circuits 
which 
measure resistance 
ratiometrically, 
a polypro- 
pylene 
reference 
capacitor 
should 
be 
used 
in 
ohmmeters. 
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Autozero 
Cepacltor 


The 
noise 
of the NO 
is influenced 
by the autozero 


capacitor. 
For the best noise performance, 
and auto- 


zero capacitor 
value of at least 4 times the integrator 
capacitor 
value 
is recommended. 
For a 2V scale, 
a 


O.047J./F (47nF) 
capacitor 
is adequate. 
An 
autozero 
capacitor 
of 0.47pF or greater 
is recommended 
for a 
200mV full scale. All of Maxim's 
integrating 
AID con- 


verters 
have a zero integrator 
phase which 
allows 
the 
use of high values for the autozero 
capacitor 
without 


causing 
hysteresis 
or slowing 
the overload 
recovery 


time. 


The autozero 
capacitor 
can be any low leakage 
film 
capacitor 
in most applications. 
A low dielectric 
poly- 


propylene 
capacitor 
is recommended 
if there are rapid 
changes 
in common 
mode voltage, 
or if the NO must 


rapidly 
stabilize 
upon 
power 
up. 


Charge Pump Capacitors 


The charge 
pump capacitors 
should 
be 1pF. 
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Figure 
4A. 
MAX138, 
MA X 139, 
MAX140 
Typical 
Supply 
Current 
ys. Supply 
Voltage 


80 rr ...•.rr...,....•...,rr"-,"..., 
75t-+-t-t+-t-t++-f-+-HH-+-f-l 
70 K+H+H+H-+lH-+-t-J 
65t-+-t-t+-t-f-++-f-+-HH-+-f-l 
60 K+H+H+-H-+lH-+-t-J 
55f-++-f-+-HH--HH-+-f-+-t-t.., 
50f-++-f-+"<-IH--HH-+-f-+-t-t.., 
45 H-+-H--NH-+lH-+-t+H-i 


40 f-tj++++$$$$$$R=~ 
35 H 
30f-++-f-+-HH--HH-+-f-+-t-t.., 
25f-++-f-+-HH--HH-+-f-+-t-t.., 
20f-++-f-+-HH--HH-+-f-l-H-l 
15 H-+-H-+lH-+lH-+-t+H-i 
10f-++-f-+-Hf-+-HH-+-f-+-t-t.., 
5 f-++-f-+-Hf-+-HH-+-f-l-H-l 
o 
L.L....l-L.L...L..JL.L...L..JL.L.L.l--'--.L...l...J 


o 
2345678 
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Figure 
48. 
MAX138, 
MAX139, 
MAX140 
Typical 
Oscillator 
Frequency 
YS. Supply 
Voltage 
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________ 
Application Notes 


Common Mode Voltage Range Considerations 


Operation 
with low supply 
voltages, 
or operation 
with 


either 
IN LO or IN HI near either supply 
calls for care- 
ful evaluation 
of the effect of common 
mode voltages. 


Since 
the 
MAX138/139/140 
perform 
all 
conversion 
phases, 
including 
autozero 
and de-integration, 
using 
IN 
LO as the 
reference 
point, 
they 
have 
excellent 


normal 
mode 
rejection 
of approximately 
120dB. 


There are three basic internal 
limitations 
on the allow- 
able common 
mode voltage 
(see Figure 
3): 


1) The buffer 
input CMVR is (V- + 1.5V) to (V' -1.5V). 


2) The integrator 
CMVR 
is (V- + 1.5V) to (V' - 1.5V). 


3) The integrator 
output 
swing 
is limited 
to V- to V'. 


4) The 
IN LO must 
not 
go 
higher 
than 
1.0V above 
Common. 


Figure 3 shows that the buffer 
input can be connected 
to either 
IN HI, (IN LO + VREF), 
or (IN LO - VREF). 
The 
integrator 
non-inverting 
input 
is always connected 
to 
IN LO. 


Combining 
both 
system 
CMVR 
limitations 
with 
the 
possible 
connections 
results 
in the limitations 
shown 
in Table 1. 


Low Battery Detector 
Circuit 


Since the voltage between Common 
and V' is between 
2.95V and 3.15V until 
the voltage 
between 
V' and V- 


falls to less than 4V, a simple 
low battery 
detector 
can 


be made using transistor 
voltage 
detector 
as shown 
in 


Figure 
6. When 
01 is off the Low Battery 
segment 
is 
driven 
in phase with the backplane 
and is off. When 


01 turns on, the Low Battery 
LCD segment 
becomes 
visible. 
01 
turns 
on when 
the voltage 
at the base of 


01 
is one 
base-emitter 
voltage 
more 
positive 
than 
COMMON 
voltage. 
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5V -=. 


BATTER;};. 


Overload Display 


The least significant 
three digits 
are blanked 
if the 


input 
voltage 
exceeds full scale. The leading 
"1" is 


displayed 
for 
positive 
overloads, 
and a "-1" is dis- 


played for negative overloads. Any of the conditions 
that cause erratic 
readings as discussed above may 


cause overload 
readings. 
In addition, 
check the dif- 


ferential 
voltage between IN HI and IN La and make 


sure that 
it is no more than 
twice 
the differential 


voltage between REF HI and REF La. Also make sure 
that the voltage at REF HI is more positive than the 
voltage at REF La, since incorrect 
reference polarity 


will always cause an overload 
reading. 
Gross Nonlinearity 


If the results are linear for low input voltages, but the 
displayed 
result stops increasing as higher input volt- 


ages are applied, then the most likely cause is satura- 
tion of the integrator 
output. With a full scale voltage 


applied, look at the voltage on the INT pin. It should 
not come closer than 0.3V to either supply. Increase 
the integrator 
capacitor value if the INT output swing 


is excessive. Alternatively, 
increase the oscillator 
fre- 
quency 
by changing 
the oscillator 
resistor and capa- 


citor values. 


Nonllnearities 
of 2 to 20 Counts 


A polyester 
(Mylar) integrator 
capacitor 
will result in 


about 2 or 3 counts of nonlinearity 
at full scale. Use 


polypropylene 
for best linearity. 
Leakages into 
the 


integrator 
capacitor, 
the autozero 
capacitor, 
or the 


reference 
capacitor 
will 
also cause linearity 
errors. 


Make sure that printed circuit 
boards are thoroughly 


cleaned after soldering. 


Gain Error and Rollover Error 


A gross gain error will result if the integrator 
output 


current 
capabilities 
are exceeded. 
Make sure 
that 


R1NT ?VREF/0.61JA. 


Gain errors less than ten counts are generally caused 
by either 
too 
much stray capacitance 
on the CREF 


terminals, or by excessive printed circuit board leakage. 
Stray capacitance 
and leakage can be detected 
by 


reducing 
the reference capacitor 
by a factor of ten. If 


the 
error 
dramatically 
increases, 
then 
either 
stray 


capacitance 
or 
leakage at the 
reference 
capacitor 


terminals 
is the culprit. Error caused by stray capaci- 


tance tend to be a pure gain error, while errors due to 
leakage tend to be nonlinear-typically 
square law. 


Errors due to leakage can also be detected by cleaning 
the board, then baking to reduce moisture content. 


Missing Segments on the LCD Display 


This 
is very, very rarely a problem 
of the MAX138. 


More 
often 
it is caused 
open 
circuits 
in the 
LCD 
connector/bezel, 
particularly 
if an elastomeric 
con- 


nector (zebra strip) is used. Check the voltage wave- 
form 
at the pins of the MAX138. A signal 
in-phase 


with 
the 
backplane 
turns 
off 
an 
LCD 
segment, 
a 


signal 1800 out of phase from the backplane turns on 
an LCD segment. 


Noisy Readings 


The most common reason for noisy readings, particu- 
larly 
in engineering 
labs, 
is simply 
that 
the 
input 


signal 
is noisy. The 1MO/10nF input filter 
shown 
in 


Figures 1 and 2 will significantly 
reduce high frequency 


noise, and the capacitor 
value can be increased 
to 


further attenuate SO/60Hz. 


If the input 
signal 
is clean, then the next thing 
to 


check is integrator 
swing since low integrator 
swing 


will increase the noise. If the integrator swing must be 
reduced 
to less than 1V for some reason, then 
in- 


creasing the value of the autozero capacitor 
will im- 


prove the noise performance. 
For most circuits, 
the 
integrator 
swing should be approximately 
±2V. 


A very low value for the autozero capacitor 
will also 


make the readings 
noisy. The value of the autozero 


capacitor 
should 
be at least twice the value of the 


integration 
capacitor, 
and 
increasing 
the 
autozero 


capacitor 
value to between 4 and 10 times that of the 


integrator 
capacitor 
will improve the noise perform- 


ance, particularly 
with low reference voltages. 


Stray coupling 
of noise signals, either digital/micro- 
processor noise or SO/60Hz and 100/120Hz ripple can 
also be a cause of noisy 
readings. The circuit 
area 


most likely 
to pick up stray signals 
is the autozero 


capacitor. 
The distance between the autozero 
capa- 


citor and the AZ pin should be minimized, 
as should 


the distance 
between the autozero capacitor 
and the 


DEVICE 
IN HI 
IN LO 
INTEGRATOR 
SWING 


Positive 
Input 
Voltage 
V- + 1.5V to V+ - 1.5V 
V- + (1.5V + VREF) 
(IN LO - V-) 
to V+ - 1.5V 


Negative 
Input 
Voltage 
V- + 1.5V to V+ - 1.5V 
V 
+ 1.5V to 
(V+ - IN LO) 
V+ - (1.5V + VREF) 


•• 
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integration 
resistor and capacitor. 
Since the BUFF and 
INT pins 
are the outputs 
of op amps, 
they 
are less 


sensitive 
to noise pick-up 
than is the AZ pin, which 
is 


the input 
of an op amp. 


The 
MAX138/139/140 
are sensitive 
to AC noise at IN 
La 
during 
the de-integrate 
phase. 
In particular, 
full 
wave AC-DC 
converters 
should 
be used only 
if both 
outputs 
of 
the 
AC-DC 
converter 
output 
are 
well 


filtered. 


The COMMON 
output 
of the MAX138/139/140, 
being 
derived from a bandgap 
reference, 
are noisier than the 


ICL7106 
and 
ICL7136 
Common 
outputs, 
which 
are 
derived 
from 
zeners. This could 
cause an increase 
in 


conversion 
noise, 
but 
only 
if the 
CREF 
is less than 
O.1ttF, and 
there 
is no 
bypassing 
at 
the 
reference 


inputs. 


Poor 
bypassing 
of the 
supply 
voltage 
may cause 
a 


couple 
of counts 
of noise in the readings, 
particularly 


if the 
power 
supply 
also 
powers 
digital 
logic, 
since 
high 
frequency 
spikes 
on 
the 
power 
supply 
might 
cause the comparator 
to falsely 
indicate 
zero crossing 
one or two clock 
cycles 
early. Ordinary 
O.1ttF bypass 
capacitors 
are 
adequate 
in 
most 
cases. 
Since 
the 
MAX138/139/140 
draw very little current, 
a simple 
RC 


filter 
can be used to provide 
greater 
spike and ripple 
attenuation 
in those cases where the power supply 
is 
exceptionally 
noisy. 


Since 
the oscillator 
frequency 
is slightly 
affected 
by 
the supply voltage, large changes 
in the supply 
voltage 
during 
a conversion 
may cause a few counts 
of error. 


A typical 
case where the effect 
must be considered 
is 


in a battery 
powered 
circuit 
where 
the battery 
is also 
being used to drive high current 
loads such as motors 
or lamps. For extreme 
cases where high current 
loads 
momentarily 
change 
the 
battery 
voltage 
a volt 
or 
more, 
use a series diode 
and a capacitor 
of 10ttF or 
greater. 
________ 
Application Hints 


1. 
See the 
ICL7136 
and 
ICL7106 
data 
sheets 
for 
a 


variety 
of application 
circuits 
which 
can also 
be 
used with 
the MAX138/139/140. 


2. 
In some 
applications 
it may be useful 
to apply 
a 
fixed 
reference 
voltage 
between 
IN HI and IN La, 
and to apply the signal to REF HI and REF La. In 
this 
mode 
of operation 
the 
displayed 
reading 
is 


inversely 
proportional 
to the input voltage. 
In other 
words, the displayed 
reading is the result of dividing 
the fixed 
reference 
voltage 
by the signal voltage. 
A 
typical 
application 
where this function 
is useful 
is 


in an RPM meter, where 
a voltage 
proportional 
to 


the period 
of a signal is divided 
into a fixed voltage 


to convert 
period 
into 
RPM (frequency). 
Another 
example 
is in a conductance 
meter, 
where 
the 
conversion 
between 
ohms 
and 
Siemens 
is per- 
formed 
by swapping 
the positions 
of the unknown 


and reference 
resistors. 


3. 
A serial output 
pulse stream can be obtained 
from 
the MAX138/139/140 
by monitoring 
the voltage 
at 


the CREF terminals 
as shown 
in circuit 
of Figure 23 


in the 
ICL7106 
data sheet. 
Use an AND 
gate 
to 


combine 
the 
resulting 
End-of-Conversion 
signal 


with the oscillator 
output 
from 
OSC3, 
pin 38. 


4. 
If the 
input 
signal 
polarity 
is reversed 
from 
the 


desired 
polarity, 
then use the "Minus" 
segment 
to 


drive 
the vertical 
bar of a plus 
sign, 
and 
perma- 


nently 
turn 
on the horizontal 
bar of the plus sign 


using 
one 
of the decimal 
point 
driver 
circuits 
of 


Figure 
6. When 
the MAX138/139/140 
measures 
a 


negative 
polarity, 
a "+" will be displayed. 
When the 


MAX138/139/140 
measures a positive 
polarity, 
then 


a "-" will 
be displayed. 
(Normal 
operation 
of the 


MAX138/139/140 
is no 
polarity 
indication 
for 
a 


positive 
input, 
and a "-" sign for a negative 
input.) 


________ 
Pin Configuration 


44 Lead Plastic 
Chip 
Carrier 
(Quad 
Pack) 


"Note: 
BP (MAX 
138) 
DIGITAL 
GND 
(MAX139/140) 


_______ 
Chip Topography 
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G3 


A3 
C3 
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0, 


v+ 
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HI 
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CMOS High Speed 8 Bit A/D Converter with 


Reference and Track/Hold Function 
_______ 
Genera' Description 


The MAX150/AD7820 
is a high speed, microprocessor 


compatible, 
8 bit analog 
to digital 
converter 
which 


uses a half-flash 
technique 
to achieve 
a conversion 


time of 1.34 I-£S.The converter 
has a OV to +5V analog 


input range and uses a single +5V supply. 


A built-in 
track-and-hold 
function 
is included, 
elimi- 


nating 
the 
need 
for 
an external 
track-and-hold 
for 


input 
slew 
rates up to 100mVll-£s. The 
MAX150 
also 


provides 
an on-chip 
2.5 V reference 
output, 
making 
it 


a complete 
analog to digital 
converter. 


The 
AIDs 
easily 
interface 
with 
microprocessors 
by 


appearing 
as a memory 
location 
or liD port without 


the need for external 
interfacing 
logic. 
The data out- 


puts use latched, 
three-state 
buffer 
circuitry 
to allow 


direct 
connection 
to a microprocessor 
data 
bus or 


system input port. An over-flow 
output 
is also provided 


for cascading 
devices to achieve higher 
resolution. 


The AD7820 
is pin compatible 
with 
Analog 
Devices' 
AD7820. 
The 
MAX150 
is also 
compatible 
with 
the 


AD7820 but also includes 
an internal 
2.5V reference. 
---- 
Appl/cat/ons 


Digital 
Signal Processing 


High Speed Data Acquisition 


Telecommunications 


High Speed Servo Loops 


Audio 
Systems 
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• 
Fast Conversion Time: 1.34l-£sMax. 


• 
Built-In Track-and-Hold 
Function 


• 
No Adjustment Required 


• 
No External Clock 


• 
Single +5V Supply 


• 
Easy Interface To Microprocessors 


• 
Internal 2.5V Reference (MAX150 only) 


PART 
TEMP. RANGE 
PACKAGEt 
ERROR 


MAX150ACPP 
O·C to +70·C 
Plastic DIP 
±'h LSB 


MAX150BCPP 
O·C to +70·C 
Plastic DIP 
±1 LSB 


MAX150BC/D 
O·C to +70·C 
Dice" 
±1 LSB 


MAX150ACWP 
O·C to +70·C 
Small Outline 
±'h LSB 


MAX150BCWP 
O·C to +70·C 
Small Outline 
±1 LSB 


MAX150AEPP 
-40·C to +85·C 
Plastic DIP 
±'h LSB 


MAX150BEPP 
-40·C to +85·C 
Plastic DIP 
±1 LSB 


MAX150AEWP 
-40·C to +85·C 
Small Outline 
±'h LSB 


MAX150BEWP 
-40·C to +85·C 
Small Outline 
±1 LSB 


MAX150AMJP 
-55·C to +125·C 
CERDIP 
±'hLSB 


MAX150BMJP 
-55·C to +125·C 
CERDIP 
±1 LSB 


t 
All devices - 
20 leed packages 


" 
Consult factory for dice specifications. 


Ordering Information 
continued 
on last page 
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Top View 
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.NIA X I.NI 
MAX150 
AD7820 


10 
T 
13 
B 
9 


GNO 
MODE 
cs 
Rii 
iNT 
Viii/ROY 


ABSOLUTE MAXIMUM RATINGS 


Supply Voltage, voo to GND 
OV.+10V 


Voltage at any other pins 


(Pins 1-9,11-19) 
GND - 0.3V, Voo +0.3V 
Output current (Pin 19) 
30mA 
Power Dissipation 
(Any Package) to 75°C 
450mW 
Derate Above +75°C by 
6mW/oC 


Operating Temperature Ranges 
MAX150XCXX, AD7820LN/KN/LCWP/KCWP 
O°C to +70°C 


AD7820BQ/CQ 
-25°C to +85°C 


MAX150XEXX 
-40°C to +85°C 


MAX150XMXX, AD7820TQ/UQ 
-55°C to +125°C 


Storage Temperature Range 
-65°C to +160°C 


Lead Temperature (Soldering 
10 seconds) 
+3OO°C 


Stresses 
above those listed 
under 
"Absolute 
Maximum 
Ratings" 
may cause permanent 
damage 
to the device. 
These are stress ratings 
only, and functional 
operation 
of the device 
at these or any other 
conditions 
above those indicated 
in the operational 
sections 
of the specification 
is not implied. 
Exposure 
to 
absolute 
maximum 
ratings 
conditions 
for extended 
periods 
may affect 
the device 
reliability. 


ELECTRICAL CHARACTERISTICS 


(Voo = +5V, VREF+ = +5V, VREF- = GND, 
RD-MODE, 
TA = TMIN to TMAX, unless 
otherwise 
noted) 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN. 
TYP. 
MAX. 
UNITS 


ACCURACY 


Resolution 
8 
bits 


Total Unadjusted 
Error (Note 1) 
MAX150A, AD7820LlC/U 
±112 
LSB 
MAXl50B, 
AD7820K/BIT 
±1 


No Missing Codes Resolution 
8 
bits 


REFERENCE INPUT 


Reference Resistance 
TA = +25°C 
1.4 
2.2 
4.0 
kfl 
TA = TMINto TMAX 
1.25 
4.0 


VREF+Input Voltage Range 
VREF- 
Voo + 0.1 
V 


VREF-Input Voltage Range 
GND -0.1 
VREF+ 
V 


REFERENCE OUTPUT MAX150 ONLY (Note 2) 


Output Voltege 
REF OUT 
TA = +2S·C 
2.47 
2.S0 
2.S3 
V 


Load Regulation 
IL = Oto 10mA 
T. = +2S·C 
-6 
-10 
mV 


Power Supply Sensitivity 
Voo±S'lo 
T. = +2SoC 
±1 
±3 
mV 


MAX150XC 
TA = O·C to +70·C 
40 
70 
Temperature 
Drift (Note 3) 
MAX150XE 
TA = -40·C to +6S·C 
40 
70 
ppmfOC 


MAX150XM 
TA = -SS·C to +12S·C 
60 
100 


Output Nolle 
200 
I'Virms 


Capacitive 
Load 
0.01 
I'F 


ANALOG 
INPUT 


Analog Input Voltage Range 
V,NR 
GND -0.1 
Voo + 0.1 
V 


Analog Input Capacitance 
CV1N 
, 
45 
pF 


Analog Input Current 
IV1N 
V,N= OVto +5V 
TA=+25°C 
±O.3 
I'A 
TA = TM1Nto TMAX 
±3 


Slew Rate, Tracking (Note 4) 
SR 
0.2 
0.1 
VII's 


LOGIC INPUTS 


CS, WR, RD; MAX150 
2.0 
Input HIGH Voltage 
V'NH 
AD7820 
2.4 
V 
MODE 
3.5 


Input LOW Voltage 
V,NL 
CS, WR, RD 
0.8 
V 
MODE 
1.5 


CS, RD; TA = +25°C 
0.3 
TMINto TMAX 
1 


Input High Current 
I'NH 
WR; 
TA=+25°C 
0.3 
I'A 
TMINto TMAX 
3 
MODE; 
TA = +25°C 
50 
150 
TMINto TMAX 
200 


Note 1: Total unadjusted 
error includes offset, full-scale 
and linearity errors. 


Note 2: Specified with no external load unless otherwise 
noted. 


Note 3: Temperature drift is defined as change in output voltage from +25°C to TM1Nor TMAXdivided by (25 - TMIN)or (TMAX- 25). 
Note 4: Sample tested at +25°C by Quality Assurance to ensure compliance. 
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ELECTRICAL CHARACTERISTICS 
(continued) 


(Voo 
= +5V, VREF+ = +5V, VREF- = GND, 
RD-MODE, 
TA = TMIN to TMAX, unless 
otherwise 
noted) 


PARAMETER 
SYMBOL I 
CONDITIONS 
MIN. 
TYP. 
MAX. 
UNITS 


LOGIC INPUTS (contlnued) 


Input Low Current 
I'NL 
CS, Ro, WR, MODE 
TA: +25°C 
-0.3 
"A 
TMINto TMAx 
-1 


Input Capacitance 
(Note 5) 
C,N 
CS, Ro, WR, MODE 
5 
8 
pF 


LOGIC OUTPUTS 


oBO-oB7, OFL. INT 


Output HIGH Voltage 
VOH 
Voo: 
+4.75V 
'OUT: --360"A 
4.0 
V 


Voo: 
+4.75V 
lOUT: -10"A 
4.5 


Output LOW Voltage 
VOL 
oBO-OB7, OFL. INT, ROY 
V 
Voo = +4.75V 
lOUT: 1.6mA 
0.4 


Three-state 
Output Current 
oBO-oB7, ROY 
TA = +25°C 
±O.3 
"A 
TM1Nto TMAx 
±3 


Output Source Current 
'sAc 
oBO-oB7, OFL. INT; VOUT= 0 
-10 
-25 
mA 


Output Sink Current 
ISINK 
oBO-oB7, OFL.INT, 
ROY; VOUT=Voo 
15 
40 
mA 


Output Capacitance 
(Note 5) 
COUT 
oBO-oB7, OFL. INT, ROY 
5 
8 
pF 


POWER SUPPLY 


Supply Voltage 
Voo 
+5V ±5% for specified 
performance 
4.75 
5.25 
V 


Supply Current 
100 
CS:WR:Ro:O 
TA: +25°C 
5 
10 
mA 
TM1Nto TMAx 
15 


Power Dissipation 
CS=WR:Ro:O 
25 
mW 


Power Supply Sensitivity 
PSS 
Voo: 
±5% 
±1/16 
±1/4 
LSB 


PIN 
NAME 
FUNCTION 


1 
V,N 
Analog input; range: 
GNo 
< V,N < Voo. 


2 
oBO 
Three-state 
data Qutput, bit 0 (LSB). 


3 
oB1 
Three-state 
data output, bit 1. 


4 
oB2 
Three-state 
data output, bit 2. 


5 
oB3 
Three-state 
data output, bit 3. 


6 
WR/Roy 
WRITE control 
inpuVREAoy 
status output. 


See Digital Interface section. 


7 
MODE 
Mode selection input. This input is 
internally 
pulled low with a 50"A current 
source. 


Ro Mode: MODE low/open. 
WR-Ro 
Mode: MODE high. 


8 
RD 
READ input. RD must be low to access data. 
See Digital Interface section. 


9 
INT 
INTERRUPT 
output. INT going low indicates 
the completion 
of a conversion. 
See Digital 
Interface section. 


10 
GND 
Ground. 


PIN 
NAME 
FUNCTION 


11 
VAEF- 
Lower limit of reference span. Sets the zero 
code voltage. Range: GND to VAEF+. 


12 
VAEF+ 
Upper limit of reference span. Sets the Full 
Scale input voltage. Range: VAEF-to Voo. 


13 
CS 
CHIP-SELECT 
input. CS must be low for the 


device to recognize WR or RD inputs 


14 
DB4 
Three-state data output, bit 4. 


15 
DB5 
Three-state data output, bitS. 


16 
DB6 
Three-state data output, bit 6. 


17 
DB7 
Three-state data output, bit7 (MSB). 


18 
OFL 
Overflow Ou~. 
If the analog input is greater 


than VAEF+,OFL will be high at the end of the 
conversion. It can be used to cascade two or 
more devices to increase resolution. 


19 
TP 
Test pin for AD7820. No Connection. 


REF OUT 
2.5V Internal reference output for MAX150 
only. 


20 
Voo 
Power supply voltage, +5V. 


III 
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TIMING CHARACTERISTICS 
(Note 1, 2) - 
MAX150, AD7820 


(VDD = +5V, VREF+ = +5V, VREF- = GND, TA = TM1Nto TMAX, unless 
otherwise 
specified.) 


TA = +25°C 
MAX150C/E 
MAX150M 


PARAMETER 
SYMBOL 
CONDITIONS 
AD7820KlLlB/C 
AD7820T/U 
UNITS 


MIN. 
TYP. 
MAX. 
MIN. 
MAX. 
MIN. 
MAX. 


CS to RD, WR Setup Time 
less 
0 
0 
0 
ns 


CS to RD, WR Hold Time 
IeSH 
0 
0 
0 
ns 


CS to RDY Delay 
tADy 
CL = 50pF, R = 3kO 
35 
70 
90 
100 
ns 


Conversion Time (RD Mode) 
leAD 
I 
1.2 
1.6 
2.0 
2.5 
/,S 


Data Access Time (RD Mode) 
tACCO 
(Note 3) 
tCAD 
ICAD 
leAD 
leAD 
ns 
(See Figure 4) 
+ 10 
+ 20 
+ 35 
+ 50 


RD to INT Delay (RD Mode) 
tlNTH 
Cc = 50pF 
60 
125 
175 
225 
ns 


Data Hold Time 
tDH 
(Note 4) 
40 
60 
80 
100 
ns 


Delay Time 
tp 
I 
500 
600 
600 
I 
ns 
Between Conversions 
I 


Write Pulse Width 
tWA 
600 
50,000 
600 
50,000 
600 
50,000 
ns 


Conversion Time 
IeWA-AD 
1.34 
1.5 
1.53 
I 
(WR/RD Mode) 
I 
/,S 


Delay between 
tAD 
600 
700 
700 
ns 
WR and RD Pulses 


Data Access Time 
(WR/RD Mode) 
tACC1 
tAD < tINTL• 
110 
160 
225 
250 
ns 
(See Figure 6) 
I 
(Note 3) 


RD to INT Delay 
tAl 
100 
140 
200 
225 
ns 


WR to INT Delay 
tlNTL 
600 
1000 
1400 
1700 
ns 


Data Access Time 
1,,0> 
t,NTL, 
(WR/RD Mode) 
tACC2 
60 
70 
90 
110 
ns 
(See Figure 5) 
(Note 3) 


WR to INT Delay 
tlHWR 
CL = 50pF 
70 
100 
130 
150 
(Stand-Alone) 
ns 


Data Access Time After INT 
'10 
10 
50 
65 
75 
ns 


Note 1: 
Sample tested at +25°C by Quality Assurance to ensure compliance. 


Note 2: 
All input control signals are specified with tA = IF = 20ns (10% to 90% of +5V) and timed from a voltage level of 1.6V. 


Note 3: 
Measured with load circuits of Figure 1 and defined as the time required for an output to cross 0.8V or 2.4V. 


Note 4: 
Defined as the lime required for the data lines to change 0.5V when loaded with the circuits of Figure 2. 
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_______ 
Detailed Description 


Conlferter Operation 


The 
MAX150/AD7820 
uses a "half-flash" 
conversion 
technique 
(see Functional 
Block 
Diagram). 
Two 4-bit 
flash NO 
converter 
sections 
are used to achieve 
an 
8-bit 
result. 
Using 
15 comparators, 
the 
upper 
4-bit 
MS (most 
significant) 
flash 
NO 
compares 
the 
un- 
known 
input 
voltage 
to 
the 
reference 
ladder 
and 
provides 
the upper four data bits. 


An 
internal 
DAC 
uses the 
MS bits 
to generate 
the 
analog 
result 
from 
the 
first 
flash 
conversion, 
and 
generates 
a residue voltage which 
is the difference 
of 
the unknown 
input and the DAC voltage. 
The residue 
is then compared 
to the reference 
ladder using 15 LS 
(least 
significant) 
flash 
comparators 
to 
obtain 
the 
lower 
four 
bits 
of 
the 
output. 
An 
additional 
over- 
range comparator 
detects if the analog input is greater 
than the reference 
voltage. 


WR 
!if GOING LOW INDICATES 
m.. 
THAT CONVERSION IS 
I 
1I001I 
COMPLETE AND THAT 


SET.UP TIME REOUIREOfi 
' 
DATA CAN BE READ 
BY THE INTERNAL 
VIMIS SAMPLED 
COMPARATORS PRIOR TO 
AND THE 4 MSB'S 
Rii BROUGHTLDW HERELATCHES 
STARTING CONVERSION 
ARE lATCHED 
THE 4 LSBS AND ACCESSES 
om ON 01l().0B7 
VIM IS TRACKED 
BY INTERNAL 
COMPI\RATORS 


_______ 
Operating 
Sequence 


The 
operating 
sequence 
for 
the 
WR-RD 
Mode 
is 
shown 
in Figure 
3. The 
conversion 
is initiated 
by a 
falling 
edge of WR. The comparator 
inputs 
track the 
analog 
input 
voltage 
for the duration 
of WR low. A 
minimum 
of 600ns is...@guired for the input voltage to 
be acquired. 
When 
WR 
returns 
high, 
the 
MS flash 
result 
is latched 
into the output 
buffers 
and the 
LS 
conversion 
begins. INT goes low approximately 
600ns 
later, 
indicating 
the end of the conversion, 
and that 
the 
low~ 
4 data 
bits 
are 
latched 
into 
the 
output 
buffers. 
RD going 
low then accesses the data. 


If an externally 
controlled 
conversion 
time is required, 
the 
R~ine 
can 
be brought 
low as soon 
as 600ns 
after WR goes high. 
This will 
latch the lower 4 data 
bits and output 
the conversion 
result on DBa-DB7. At 
least 500ns setup time is required 
from INT going 
low 
to the start of another 
conversion 
(WR going 
low). 


________ 
Digital 
Interface 


The MAX150/AD7820 
has two 
basic interface 
modes 
which 
are set by the status 
of the MODE 
input 
pin. 
When this pin is low, the converter 
is in the RD mode. 


when 
this pin is high 
the converter 
is set up for the 
WR-RD 
mode. 


RDMode 


In RD mode, 
conversion 
control 
and data access 
is 
controlled 
by the RO input 
(see FiguBL 4). The con- 
version 
is initiated 
by taking 
RO low. RO is then kept 


low until output 
data appears. This mode is useful for 
microprocessors 
which 
can 
be forced 
into 
a WAIT 
state. The processor 
can start a conversion, 
wait, and 
then read data with a single READ instruction. 


Pin 
6 (WRIRDY) 
is configured 
as a status 
output 
(ROY) in RD mode. This output 
can be used to drive 
the READY 
or WAIT input 
of a processor. 
ROY is an 
open collector 
output 
(with no internal 
pull-up 
device) 
which 
goes low after the falling 
edge of CS and goes 
high impedance 
at the end of the conversion. 
An INT 
output 
is also provided 
which 
goes low at the end of 
the conversion 
and returns 
high on the rising edge of 
CS or RD. 


WR·RD Mode 


In the WR-RD 
mode, 
pin 6 (WR/RDY) 
is configured 
as the WRITE 
input 
for the converter. 
With CS 10..YtJl 
conversion 
is initiated 
on 
the 
falling 
edge 
of 
WR. 


Several 
options 
exist 
for 
reading 
the data from 
the 
converter. 


Using Internal Delay 


.!lLlhe 
first 
of these 
options 
the processor 
waits 
for 
INT output 
to go low before 
reading 
the data (Figure 
5).J!:IT 
typically 
goes low 600ns after the rising edge 
of WR, indicating 
that the conversion 
is complete 
and 
the 
result 
is available 
in the 
output 
latch. 
With 
CS 
low, data outg,ill§ 
DBO-DB7 
can be accessed 
by pul- 
Jln.g 
RQ..low. INT is then 
reset by the rising 
edge of 
CS orRD. 


Reading Before Delay 


An alternative 
option 
can be used to externally 
con- 
trol the conversion 
time (see Figure 6). The internally 
generated 
600ns delay varies somewhat 
with tempera- 
ture 
and 
supply 
voltage 
(see 
Typical 
Op~ting 
Characteristics) 
and can 
be overridden 
with 
R~ 
To 
achieve 
this, the status 
of INT is ignored 
and RD is 
brought 
low as soon as 600ns after the rising edge of 
WR. This completes 
the conversion 
and enables 
the 


output 
buff~ 
DBO-DB7, which 
contain 
the conver- 
sion result. INT also goes low after the fallir:lQ.j!dge of 
RD and is reset on the rising edge of RD or CS. 
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Plpellned Operation 


In addition 
to the two standard 
WR-RD 
mode optiQ!1§. 


"pipe-lined" 
operation 
can be achieved 
by tYiilll. WR 


and RD together 
(see Figure 7). With CS low, WR and 


RD going 
low 
initiates 
a conversion, 
and 
reads the 


result of the previous 
conversion 
at the same time. 


Stand-Alone 
Operation 


The 
converter 
can 
also 
be used 
in a stand-alone 


operation 
(see Figure 
8). CS and RD are tied low and 


a conversion 
is initiated 
by pulling 
WR low. Output 


data 
is valid 
approximately 
600ns 
after 
the 
rising 


edge of WR. 


cs 
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cs 
,,---- 


iiD 
~--l· 
WRliiii 


ROY 


iiif 
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~ 
- 
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OUTPUT 
CODE 
FULL SCALE 
i 


TRANSITION 


11111111 
~'\. 


11111110 


11111101 
I 


: 
;' 
llSB 
= FS _ 
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I 
, 
256 
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I 
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zo 
.MAXI.NI 
+5V 
Voo 
MAX150 


19 
REFOUT 


12 
VREF'+) 
+ 
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______ 
Ana/og Considerations 


Reference 


The 
MAX150 
includes 
an 
internal 
2.5V 
reference 
(REFOUT) 
which 
is appropriate 
for the majority 
of 8 
bit 
measurement 
applications. 
To use the 
on-chip 
reference, 
connect 
REFOUT, pin 19, to VREF+,pin 12, 


and connect 
VREF-, pin 11, to ground. 
The 2.5V output 
is referred 
to GND, pin 10. Both the MAX150 and the 
AD7820, 
which 
does not have an on-ehip 
reference, 


can be used with an external 
reference 
if desired. 


Figure 
10 shows 
some 
possible 
reference 
connec- 
tions. 
For the MAX150, a O.01JLFbypass 
capacitor 
to 
GND 
should 
be used to reduce 
the high 
frequency 


output 
impedance 
of the 
internal 
reference. 
Larger 


capacitors 
should 
not be used as this degrades 
the 


stability 
of the reference 
buffer. 


The VREF+and VREF- inputs of both converters 
set the 
full-scale 
and zero input voltages 
of the AID. In other 


words, 
the voltage 
at VREF- defines 
the input 
which 


produces 
an output 
code 
of all zeroes, 
and the vol- 


tage at VREF+defines 
the 
input 
which 
produces 
an 
output 
code of all ones (see Figure 9). 


v"t'l 
v" 


GNO 


+5V 
Voo 


..NIAXI;M 
A07820 


VREF'+1 


VREF1-1 


V,,'+I 
v" 


10 
GNO 


":' zo 
A"'IAXI;"II'I 
'5V 
Voo 
MAX150 


12 
A 07820 


VIIEFI+) 


11 
VREF1-1 


'Current path 
must still exist from 


V'N(-l to Ground 
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BYPII •• ing 


A 
47/tF 
electrolytic 
and 
0.1/tF ceramic 
capacitor 


should be used to bypass the Voo pin to GND. These 
capacitors 
should 
have the minimum 
possible 
lead 


length. Excess lead length may contribute 
to conver- 


sion errors and instability. 


If the reference inputs (pins 11, 12) are driven by long 
lines, they should 
be bypassed to GND with 0.1 /tF 


capacitors at the VREFpins. 


Input Current 


The MAX150/AD7820 analog input behaves somewhat 
differently 
from 
conventional 
AID 
converters. 
The 


sampled 
data comparators 
take varying amounts 
of 


current 
from the input depending 
on the cycle they 


are in. 


The equivalent 
circuit 
of the converter 
is~own 
in 


Figure 11. When the conversion 
starts and WR is low, 
V1N is connected 
to the 
MS and 
LS comparators. 


Thus, V1Nis connected to thirty-one 
1pF capacitors. 


15LS8CDMPA~MI1lS 


Ro. 
~~Pf 


TOMS 
~ 
'. 
I'Pf 
UDDER 
• 
• 
-= 


~ 


• 
350 


VII 


C. 
32pf 


12PfJ 
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During 
this 
acquisition 
phase 
(WR = Low 
in the 


WR-RD Mode) the input capacitors 
must be charged 


to the input 
voltage 
through 
the 
resistance 
of the 
internal analog switches (about 2kO to 5kO). In addi- 
tion, 
about 
12pF 
of 
stray 
capacitance 
must 
be 
charged. The input can be modelled as an equivalent 
RC network shown in Figure 11. As Rs (source impe- 
dance) increases, the capacitors take longer to charge. 


Typical input capacitances of 45pF allow source resis- 
tances 
of 
up to 
1kO to 
be used 
without 
settling 


J2fQ.blems. For larger 
resistances, 
the width 
of the 


WR pulse must be increased from 600ns. Since the 
length of this acquisition 
time is internally 
set when 


in the RD mode, 
large source 
resistances 
(greater 


than 1kO) may cause settling errors. In this case, use 
the WR-RD mode and greater than 600ns RD time or 
use a buffer to drive the analog input. 


Input Filtering 


The transients in the analog input due to the sampled 
data 
comparators 
do 
not 
degrade 
the 
converter's 


performance 
since the AID 
does not "look" 
at the 


input when these transients 
OCC.!!L ....Jhe comparator's 


outputs 
traclL!he 
input 
while 
WR is low, and are 


latched once WR goes high. Therefore, at least 600ns 
will be provided 
to charge the ADC's 
input capaci- 


tance. It is not necessary to filter these transients with 
an external capacitor on the V1Nterminal. 


Inherent Track-and-Hold 


Due to its sampling 
behavior, the MAX150/AD7820 


has the ability 
to measure a variety 
of high speed 


input signals without 
the help of an external sample- 


and-hold. 
In a conventional 
SAR type converter, the 


analog 
input must remain stable within 
1/2 LSB for 


the duration 
of the conversion 
to maintain accuracy. 


This requires 
the use of external 
sample-and-holds 


whenever the input is a high speed signal. Although 
the conversion time for the MAX150/AD7820 is l.34/ts, 
the time for which the input must be stable is much 
less. 


The MAX150/AD7820 
tracks 
the input 
while 
WR is 


low (in the WR-RD mode) and finishes 
sa..!!!Q1ingit 


approximately 
100ns after the rising edge of WR. This 


aperture delay is caused by the internal logic propa- 
gation 
delay. Input signals with slew rates typically 


below 200mVl/ts can be converted without error. How- 
ever, faster 
signals 
may cause 
differential 
linearity 


errors due different 
delays through 
the MS and LS 


comparators. 
Still, the errors 
caused 
by fast 
input 


signals are far less than the errors caused in a con- 
ventional 
SAR type ADC without 
a sample-and-hold. 


A 
1/ts SAR 
converter 
would 
still 
not 
be able 
to 


measure a 1kHz, 5V sine wave without 
the aid of an 


external sample-and-hold. 
The MAX150/AD7820 with 


no such 
help, 
can 
typically 
measure 
5V, 10kHz 


waveforms. 
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PART 
TEMP. RANGE 
PACKAGEt 
ERROR 


AD782DLN 
DOCto +7DoC 
Plastic DIP 
±'h LSB 


AD782DKN 
DOCto +7DoC 
Plastic DIP 
±1 LSB 


AD782DLCWP 
DOCto +7DoC 
Small Outline 
±'h LSB 


AD782DKCWP 
DOCto +7DoC 
Small Outline 
±1 LSB 


AD782DCQ 
_25°C to +85° C 
CERDIP 
±'h LSB 


AD782DBQ 
_25°C to +85° C 
CERDIP 
±1 LSB 


AD782DUQ 
-55° C to +125° C 
CERDIP 
±Y2LSB 


AD782DTQ 
-55°C to +125°C 
CERDIP 
±1 LSB 


(3~~~~ml--- 


VUIVDfI 


083 


Wli/ROY 


MODE 
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CMOS High Speed 8·Bit A/D Converter with 


Multiplexer 
and Reference 
_______ 
Gener.' Description 


The 
MAX154/MAX158 
and AD7824/AD7828 
are high 


speed 
multi-channel 
AID 
converters. 
The 
MAX154 


and AD7824 
have 4 analog 
input 
channels 
while 
the 


MAX158 
and 
AD7828 
have 8 channels. 
Conversion 


time 
for 
all devices 
is 2.5/oLs. The 
MAX154/MAX158 


also 
features 
a 2.5V 
on-chip 
reference, 
forming 
a 


complete 
high speed data acquisition 
system. 


All converters 
include 
a built-in 
track-and-hold, 
elim- 


inating 
the need for an external 
track-and-hold 
with 


many 
input 
signals. 
The analog 
input 
range 
is OV to 


+5V although 
the 
AID 
operates 
from 
a single 
+5V 


supply. 


Microprocessor 
interface's 
are simplified 
by the ADC's 


ability 
to appear 
as a memory 
location 
or liD port 


without 
the need for external 
logic. The data outputs 


use latched, three-state 
buffer circuitry 
to allow direct 


connection 
to a microprocessor 
data bus or system 


input port. 


The 
AD7824 
and 
AD7828 
are pin 
compatible 
with 


Analog 
Devices' 
AD7824 
and AD7828. 
The 
MAX154 


and 
MAX158, 
which 
feature 
internal 
references. 
are 


also compatible 
with these products. 


Digital 
Signal 
Processing 


High Speed Data Acquisition 


Telecommunications 


High Speed Servo Control 


Audio 
Instrumentation 


• 
One-Chip 
Data Acquisition 
System 


• 
4 or 8 Analog 
Input Channels 


• 
2.5/oLsPer Channel 
Conversion 
Time 


• 
Internal 
2.5V Reference 
(MAX154/MAX158 
only) 


• 
Built In 'ThIck/Hold 
Function 


• 
112 LSB Error Specification 


• 
Single +5V Supply 
Operation 


• 
No External 
Clock 


PART 
TEMP RANGE 
PACKAGE* 
ERROR 


MAXl54ACNG 
O°C to +700C 
Plastic DIP 
±'h LSB 


MAXl54BCNG 
OOCto +700C 
Plastic DIP 
±1 LSB 


MAXl54BC/D 
OOCto +700C 
Dice 
±1 LSB 


MAXl54ACWG 
OOCto +700C 
Small Outline 
±'h LSB 


MAXl54BCWG 
OOCto +700C 
Small Outline 
±1 LSB 


MAXl54AENG 
-40" C to +85°C 
Plastic DIP 
±'h LSB 


MAXl54BENG 
-400 C to +85°C 
Plastic DIP 
±1 LSB 


MAXl54AEWG 
-400 C to +85° C 
Small Outline 
±'h LSB 


MAXl54BEWG 
-400 C to +85° C 
Small Outline 
±1 LSB 


MAXl54AMRG 
-55°C to +125°C 
CERDIP 
±'h LSB 


MAXl54BMRG 
-55°C to +125° C 
CERDIP 
±1 LSB 


• MAX154IAD7824 
- 
24 lead package, 


MAX1581AD7828 - 
28 lead package 
Ordering Information 
continued 
on last page. 


AIN4 
AIN3 
AIN2 
AINI 
N.C.lREFOUT* 
080 
081 
082 
083 
Rli 
10 
INT 
11 
GNO 
12 


AIN6 
AIN5 
AIN4 
AIN3 
AIN2 
AINI 
N.C.lREFOUT* 


080 
081 
082 
083 
11 
Rlil 
INT 
GNO 
14 


AIN7 


7 AIN8 


26 
VDD 
AD 
Al 


23 A2 
087 


1 086 


20 085 


1 
084 
I"CS 
I 
ROY 


VREF(+) 


15 
VREFH 
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M.1dm Int.gr.tad 
Product. 
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of Maxim Integrated 
Products 


Multiplexer 
and Reference 


ABSOLUTE MAXIMUM RATINGS 


Supply Voltage, VDDto GND 
OV,+10V 
Voltage at any other pins 
GND - 0.3V, VDD+0.3V 
Output current (REFouT) 
30mA 
Power Dissipation 
(Any Package) to 75°C 
450mW 
Derate Above +25°C by 
6mW/oC 
Storage Temperature 
Range 
-65°C to +160°C 
Lead Temperature 
(Soldering 
10 seconds) 
+300°C 


Operating 
Temperature Ranges 
MAX154, MAX158 
XCXX ..........................•............ 
O°C to +70°C 
XEXX 
.............•.........•..•.......... 
-40°C to +85°C 
XMXX ..........................•..•...... 
-55°C to +125°C 
AD7824, AD7828 
KN/LN/KCWXlLCWX 
....•.........•..•...... 
O°C to +70°C 


BQ/CQ 
.................••.....•..•..•.... 
-25°C to +85°C 
TQ/UQ 
-55°C to +125°C 


Stresses 
above those listed 
under 
''Absolute 
Maximum 
Ratings" 
may cause permanent 
damage 
to the devics. 
These are stress ratings 
only, and functional 


operation 
of the device 
at these or any other conditions 
above those indicated 
in the operational 
sections 
of the specification 
is not implied. 
Exposure 
to 


absolute maximum ratings conditions 
for extended periods may affect the device reliability. 


ELECTRICAL CHARACTERISTICS 
(Voo = +5V, VREF+ = +5V, VREF- = GND, 
MODE 
0, TA = TMIN to TMAX, unless 
otherwise 
noted) 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN. 
TYP. 
MAX. 
UNITS 


ACCURACY 


Resolution 
8 
bits 


Total Unadjusted 
Error (Note 1) 
MAX15XA, AD782XUC/U 
±1/2 
LSB 
MAX15XB, AD782XKlB/T 
±1 


No Missing Codes Resolution 
8 
bits 


Channel to Channel Mismatch 
±1/4 
LSB 


REFERENCE INPUT 


Reference Resistance 
TA= TM1Nto TMAX 
1 
4 
kO 


VREF+ Input Voltage Range 
VREF- 
VDD 
V 


VREF Input Voltage Range 
GND 
VREF+ 
V 


REFERENCE OUTPUT - 
MAX154/MAX158 
ONLY (NOTE 2) 


Output Voltage 
REF OUT 
TA = +25°C 
I 
2.47 
2.50 
2.53 
V 


Load Regulation 
IL = 0 to 10mA 
TA = +2SoC 
-6 
-10 
mV 


Power Supply Sensitivity 
Voo±5% 
TA = +2SoC 
±1 
±3 
mV 


MAX15XXC 
TA = O°C to +70°C 
40 
70 
Temperature Drift (Note 3) 
MAX1SXXE 
TA=-40°C to+8SoC 
I 
40 
70 
ppm/oC 


MAX1SXXM 
TA=-SSoC to +12SoC 
60 
100 


Output Noise 
eN 
I 
200 
,.Vlrms 


Capacitive 
Load 
0.01 
,.F 


ANALOG INPUT 


Analog Input Voltage Range 
A'NR 
VREF- 
VREF+ 
V 


Analog Input Capacitance 
CAIN 
45 
pF 


Analog Input Current 
lAIN 
Any Channel. AIN = OVto +5V 
+3 
I"A 


Slew Rate, Tracking (Note 4) 
SR 
0.7 
0.157 
Vll"s 


LOGIC INPUTS (RD, CS, AO,A1, A2) 


Input HIGH Voltage 
V,NH 
2.4 
V 


Input LOW Voltage 
V,NL 
08 
V 


Input High Current 
I'NH 
1 
I"A 


Input Low Current 
I'NL 
-1 
I"A 


Input Capacitance 
(Note 8) 
C'N 
5 
8 
pF 


Note 1: 
Note 2: 
Note 3: 
Note 4: 


Total unadjusted error includes offset, full-scale and linearity errors. 
Specified with no external load unless otherwise noted. 
Temperature 
drift is defined as change in output voltage from +25°C to TM1Nor TMAXdivided by (25 - TMIN)or (TMAX-25). 


Sample tested at +25°C by Quality Assurance to ensure compliance. 


CMOS High Speed B-Bit A/D Converter 
with 
Multiplexer 
and Reference 


ELECTRICAL 
CHARACTERISTICS'(contlnued) 


(Voo = +5V, VREF+ = +5V, VREF- = GND, MODE 
0, TA = TMIN to TMAX, unless 
otherwise 
noted) 


PARAMETER 
I SYMBOL 
I 
CONDITIONS 
I 
MIN. 
TYP. 
MAX. 
UNITS 


LOGIC OUTPUTS 


Output HIGH Voltage 
VOH 
DBO-DB7, INT; lOUT= -360pA 
4,0 
V 


Output LOW Voltage 
VOL 
DBD-DB7, INT; lOUT= 1-6mA 
0-4 
V 
ROY; 
lOUT= 2,6mA 
0-4 


Three-state 
Output Current 
DBO-DB7, ROY; VOUT= OVto Vcc 
±3 
I'A 


Output Capacitance 
(Note B) 
COUT 
5 
B 
pF 


POWER SUPPLY 


Supply Voltage 
Vcc 
5V ±5% for Specified Performance 
+4,75 
+5,25 
V 


Supply Current 
Icc 
CS = RD= +2-4V 
15 
mA 


Power Dissipation 
25 
75 
mW 


Power Supply Sensitivity 
PSS 
Vcc = ±5% 
±1116 
±1/4 
LSB 


TIMING CHARACTERISTICS 
(Note 4, 5) 


(Voo = +5V, VREF+ = +5V, VREF- = GND, TA = TMIN to TMAX, unless 
otherwise 
specified,) 


TA = +2SOC 
MAX1SXC/E 
MAX1SXM 
PARAMETER 
SYMBOL 
CONDITIONS 
AD782XKlLlB/C 
AD782XT/U 
UNITS 
MIN. 
TYp. 
MAX. 
MIN. 
MAX. 
MIN. 
MAX. 


CS to RD, Setup Time 
less 
0 
0 
0 
ns 


CS to RD, Hold Time 
tCSH 
0 
0 
0 
ns 


MUltiplexer Address 
tAS 
0 
0 
0 
ns 
Setup Time 


Multiplexer 
Address 
tAH 
30 
35 
40 
ns 
Hold Time 


CS to ROY Delay 
tRCY 
Cl = 50pF, R = 5kfi 
30 
40 
60 
60 
ns 


Conversion 
Time (Mode 0) 
tCRC 
1-6 
2,0 
2-4 
2,8 
I'S 


Data Access Time After RD 
tACC' 
(Note 6) 
85 
110 
120 
ns 


Data Access Time 
tACC2 
(Note 6) 
20 
50 
60 
70 
After INT, Mode 0 
ns 


RD to INT Delay (Mode 1) 
t'NTH 
Cl = 50pF 
40 
75 
100 
100 
ns 


Data Hold Time 
tCH 
(Note 7) 
60 
70 
70 
ns 


Delay Time 
tp 
500 
500 
600 
ns 
Between Conversions 


RD Pulse Width (Mode 1) 
tRC 
60 
600 
80 
500 
80 
400 
ns 


Note S: 
All input control signals are specified with tR = tF = 20ns (10% to 90% of +5V) and timed from a voltage level of 1,6V, 


Note 8: 
Measured with load circuits of Figure 1 and defined as the time required for an output to cross 0,8V or 2-4 V, 


Note 7: 
Defined as the time required for the data lines to change 0,5V when loaded with the circuits of Figure 2, 
Note 8: 
Guaranteed 
by design, 


CMOS High Speed 8·Bit A/D Converter with 
Multiplexer 
and Reference 
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CMOS High Speed 8·Bit A/D Converter with 
Multiplexer 
and Reference 
MAX154/AD7824 
MAX158/AD7828 
---- 
Pln Description 
Pin Description 


PIN 
NAME 
FUNCTION 


1 
AIN4 
Analog input channel 4 


2 
AIN3 
Analog input channel 3 


3 
AIN2 
Analog input channel 2 


4 
AIN1 
Analog input channell 


5 
REFOUT 
Reference output (2.5V) for MAXl54 
N.C. 
No Connect for AD7824 


6 
DBO 
Three-state data output, bit 0 (LSB) 


7 
DB1 
Three-state data output, bit 1 


8 
DB2 
Three-state data output, bit 2 


9 
DB3 
Three-state data output, bit 3 


10 
RD 
READ input. RD controls conversions and 
data access. See Digital Interface section. 


11 
INT 
INTERRUPT output. INT going low indicates 
the completion 
of a conversion. See Digital 


Interface section. 


12 
GND 
Ground 


13 
VREFH 
Lower limit of reference speno Sets the zero 
code voltage. Range: GND to VREF(+) 


14 
VREF(+) 
Upper limit of reference span. Sets the Full 
Scale input voltage. Range: VREF(-)to Voo. 


15 
RDY 
READY Output. Open drain output with no 
active pull-up device. Goes low when CS 
goes low and high impedance at the end of a 
conversion. 


16 
CS 
CHIP-SELECT 
input. CS must be low for the 
dBvice to be selected. 


17 
DB4 
Three-state data output, bit 4 


18 
DB5 
Three-state data output, bit 5 


19 
DB6 
Three-state data output, bit 6 


20 
DB7 
Three-state data output, bit 7 (MSB) 


21 
A1 
Channel Address 1 Input 


22 
AO 
Channel Address 0 Input 


23 
NC 
No Connect 


24 
Voo 
Power supply voltage, +5V 


PIN 
NAME 
FUNCTION 


1 
AIN6 
Analog input channel 6 


2 
AIN5 
Analog input channel 5 


3 
AIN4 
Analog input channel 4 


4 
AIN3 
Analog input channel 3 


5 
AIN2 
Analog input channel 2 


6 
AIN1 
Analog input channell 


7 
REFOUT 
Reference output (2.5V) for MAXl58 
N.C. 
No Connect for AD7828 


8 
DBO 
Three-state data output, bit 0 (LSB) 


9 
DB1 
Three-state data output, bit 1 


10 
DB2 
Three-state data output, bit 2 


11 
DB3 
Three-state data output, bit 3 


12 
RD 
READ input. RD controls conversions and 
data access. See Digital Interface section. 


13 
INT 
INTERRUPT output. INT going low indicates 
the completion 
of a conversion. See Digital 


Interface section. 


14 
GND 
Ground 


15 
VREF(-) 
Lower limit of reference span. Sets the zero 
code voltage. Range: GND to VREF(+) 


16 
VREF(+) 
Upper limit of reference span. Sets the Full 
Scale input voltage. Range: VREF(-)to Voo. 


17 
RDY 
READY Output. Open drain output wil!!..!'o 
active pull-up device. Goes low when CS 
goes low and high impedance at the end of a 
conversion. 


18 
CS 
CHIP-SELECT input. CS must be low for the 
device to be selected. 


19 
DB4 
Three-state data output, bit 4 


20 
DB5 
Three-state data output, bit 5 


21 
DB6 
Three-state data output, bit 6 


22 
DB7 
Three-state data output, bit 7 (MSB) 


23 
A2 
Channel Address 2 Input 


24 
A1 
Channel Address 1 Input 


25 
AO 
Channel Address 0 Input 


26 
Voo 
Power supply voltage, +5V 


27 
AIN8 
Analog input channel 8 


28 
AIN7 
Analog input channel 7 


V",l'/ 
4-BIT 


V,,~-/ 
FlASH 
ADC 
14MSBI 
AIHI 


AIH4 
4-BIT 
OAC 


V,,~,/ 


AIHB 
16 
4-BIT 
FLASH 
ADC 
14LSBI 


_______ 
Detailed Description 


Conve,te, Ope,etlon 


The 
MAX154/MAX158/AD7824/AD7828 
uses what 
is 
commonly 
called 
a "half-flash" 
conversion 
technique 
(see Figure 3). Two 4-bit flash AID converter 
sections 
are used to achieve 
an 8-bit result. Using 
15 compar- 
ators, 
the upper 
four 
bit MS (most 
significant) 
flash 
AID compares 
the unknown 
input voltage to the refer- 
ence ladder and provides 
the upper four data bits. 


An 
internal 
DAC 
uses the 
MS bits 
to generate 
an 
analog 
signal 
from 
the first flash conversion. 
A resi- 
due voltage 
representing 
the difference 
between 
the 
unknown 
input and the DAC voltage is then compared 
to the 
reference 
ladder 
by 15 LS (least 
significant) 
flash comparators 
to obtain the lower four output 
bits. 


The 
operating 
sequence 
is shown 
in 
Figu~ 
4. A 
conversion 
is initiated 
by a falling 
edge 
of RD and 
CS. The 
comparator 
inputs 
track 
the 
analog 
input 
voltage 
for 
approximately 
1j.Ls. After 
this 
first 
cycle 
the MS flash 
result 
is latched 
into the output 
buffers 
and the LS conversion 
begins. 
INT goes low approx- 
imately 
600ns later, indicating 
the end of the conver- 
sion, 
and 
that 
the lower 
4 bits are latched 
into the 
outQ!!! buffers. 
The data can then be accessed 
using 
the CS and RD inputs. 


ADDRESS 
LATCH 
DECODE 


'MAX154/AD7824 
- 
4 Channel Mux 
MAX158/AD7828 - 
8 Channel Mux 


REFOUT on MAX154/MAX158 
only 


________ 
Digitallnter'ace 


The MAX154/MAX158 
and AD7824/AD7828 
use only 


Chip Select (CS) and Read (RD) .M..-control inputs. 
A 


READ operation, 
taking 
CS and RD low, latches 
the 
multiplexer 
address 
inputs 
and 
starts 
a conversion 


(See Table 1). 


Table 1. 
Truth Table For Input Channel 
Selection 


MAX154/AD7824 
MAX158/AD7828 
SELECTED I 


A1 
AD 
A2 
A1 
AD 
CHANNELl 


0 
0 
0 
0 
0 
AIN1 


0 
1 
·0 
0 
1 
AIN2 


1 
0 
0 
1 
0 
AIN3 


1 
1 
0 
1 
1 
AIN4 


1 
0 
0 
AIN5 
1 
0 
1 
AIN6 
1 
1 
0 
AIN7 


1 
1 
1 
AIN8 


There are two interface 
modes which 
are determined 


by the length--.m. the RD input. 
Mode 0, implemented 


by 
keeping 
RD 
low 
until 
the 
conversion 
ends, 
is 
designed 
for microprocessors 
that can be forced 
into 
a WAIT state. 
In this 
mode, 
a conversion 
is started 


with a READ operation 
(taking 
CS and RD low) and 
data is read when 
the conversion 
ends. 
Mode 
1 on 


the other hand does not require microprocessor 
WAIT 
states. 
A READ 
operation 
simultaneously 
initiates 
a 


conversion 
and reads the previous 
conversion 
result. 


OBI 


DB6 


DB5 


DB4 


THREE 
SlUE 
DRIVERS 


DB3 


DB2 


081 


DBD 


I1if 


RIl 
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n1= =t-: :1==\]_~_m 
500n. 
- 
TNAT COIIVERSION 18 
I1000n. 
COMPLETEAND 
TNAT 


SET.UP TIME REOUIRED0 
~A 
CAN lIE READ 


BY TNE INTERNAL 
V" IS SAMPLED 


COMPARATORS PRIOR TO 
AND TNE 4 MSB'S 


STARTING CONVERSION 
ARE LATCNED 


V" 
IS TRACKED 
BY INTERNAL 
COMPARATORS 


Figure 5 shows the timing diagram for Mode 0,opera- 
tion. 
This 
is used with 
microprocessors 
that 
have 


WAIT state capability, whereby a READ instruction 
is 


extended to accomodate 
slow memory devices. Tak- 


ing CS and RD low latches the analog 
multiplexer 


address and starts a conversion. 
Data outputs 
DBO- 


DB7 remain 
in the high 
impedance 
condition 
until 


the conversion 
is complete. 


There 
are two 
status 
outputs, 
Interrupt 
(INT) 
and 


Ready (RDY). RDY, an open drain output 
(no internal 


pull-up 
device), 
is 
connected 
to 
the 
processor's 


READYIWAIT 
input. 
RDY goes 
low 
on 
the 
falling 


edge of CS and goes high impedance 
at the end of 


the conversion, 
when the conversion 
result appears 


on the data outputs. If the RDY output is not-.rnguired, 
its external pull-up 
resistor can be omitted. 
INT goes 


low when 
the conversio'lJ§ 
cgmplete 
and returns 


high on the rising edge of CS or RD. 


Inte,face Mode 1 


Mode 1 is designed for applications 
where the micro- 


processor 
is not forced 
into a WAIT state. Taking CS 


and 
RD 
low 
latches 
the 
multiplexer 
address 
and 


starts 
a conversion 
(See Figure 
6). Data from 
the 


previous 
conversion 
is immediately 
read from 
the 


outputs (DBo-DB7). 


INT goes high at the rising edge of CS or RD and 
goes 
low at the end of the conversion. 
A second 


READ operation 
is required to read the result of this 


conversion. 
The second 
READ latches a new multi- 


plexer address and starts another conversion. A delay 
of 2.5J.Ls must be allowed between REA~perations. 
RDY goes low on the falling 
edge of CS and goes 


high impedance 
at the rising edge of CS. If RDY is 


not 
needed, 
its 
external 
pull-up 
resistor 
can 
be 


omitted. 
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______ 
Ana/og 
ConsldeTations 


Reference end Input 


The VREF(+) and VREF(-) inputs of the converter 
define 


the 
zero 
and 
the 
full-scale 
of 
the 
ADC. 
In 
other 


words, 
the 
voltage 
at VREF(-) is equal 
to the 
input 


voltage 
which 
produces 
an output 
code of all zeroes 


and the voltage 
at VREF(+) is equal 
to input 
voltage 


which 
produces 
an 
output 
code 
of 
all 
ones 
(see 
Figure 7). 


OUTPUT 
CODE 
FULL SCALE 
i 


TRANSITION 


:::::::~ 
~'\ 


11111101 
I 


: 
" 
IlSB 
_ 
FS _ 
VREFI+) - VREF(-) 


1 
, 
258 
258 
I 
, 
=~'I 
, 
+-tfV"~+) 
_1 


~ 
------ 
I 
2 
3 
FS 
v,,~·J 
FS _ 1LSB 
AIN INPUT VOLlISE 
(IN TERMS OF LSB',) 


Figure 
8 shows 
some 
possible 
reference 
configura- 


tions. 
For 
the 
MAX154/MAX158, 
a O.01/lF 
bypass 
capacitor 
to GND should 
be used to reduce the high 
frequency 
output 
impedance 
of the internal 
reference. 


Larger capacitors 
should 
not be used as this degrades 


the stability 
of the reference 
buffer. The 2.5V reference 
output 
is with respect to the GND pin. 


A 47/lF electrolytic 
and O.1/lF ceramic capacitor 
should 


be 
used 
to 
bypass 
the 
Voo 
pin 
to 
GND. 
These 


capacitors 
must 
have 
minimum 
lead 
length 
since 


excess 
lead 
length 
may 
contribute 
to 
conversion 


errors and instability. 
If the reference 
inputs are driven 


by long 
lines, they should 
be bypassed 
to GND with 


O.1/lF capacitors 
at the reference 
input pins. 
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Figure 8a. Internal Reference (MAX154IMAX158 
only) 
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Input Current 


The converters' 
analog 
inputs 
behave somewhat 
dif- 


ferently 
from 
conventional 
ADCs. 
The sampled 
data 
comparators 
take 
varying 
amounts 
of current 
from 
the 
input 
depending 
on the 
cycle 
they 
are in. The 
equivalent 
circuit 
of the converter 
is shown 
in Figure 
9a. When 
the conversion 
starts AIN(n) 
is connected 
to 
the 
MS 
and 
LS 
comparators. 
Thus, 
AIN(n) 
is 
connected 
to thirty-one 
1pF capacitors. 


To acquire 
the input 
signal 
in approximately 
1/Ls, the 
input 
capacitors 
must 
charge 
to 
the 
input 
voltage 
through 
the on resistance 
of the 
multiplexer 
(about 
600n) 
and the comparator's 
analog 
switches 
(2kn 
to 
5kO per comparator). 
In addition, 
about 
12pF of stray 
capacitance 
must 
be 
charged. 
The 
input 
can 
be 
modelled 
as an 
equivalent 
RC 
network 
shown 
in 
Figure 
9b. As Rs (source 
impedance) 
increases, 
the 
capacitors 
take longer to charge. 


Since 
the 
length 
of 
the 
input 
acquisition 
time 
is 


internally 
set, large source 
resistances 
(greater 
than 
1000) 
will 
cause 
settling 
errors. 
The output 
imped- 


ance of an op-amp 
is its open loop output 
impedance 
divided 
by the loop gain at the frequency 
of interest. 


It is important 
that the amplifier 
driving 
the converter 


input have sufficient 
loop gain at approximately 
1MHz 
to maintain 
low output 
impedance. 


The 
transients 
in the 
analog 
input 
caused 
by the 
sampled 
data comparators 
do not degrade 
the con- 


verter's performance 
since the ND does not "look" 
at 


the input when these transients 
occur. The compara- 
tor's outputs 
track the input during 
the first 1/Ls of the 
conversion, 
and are then latched. 
Therefore, 
at least 
1/Lswill be provided 
to charge the ADC's input capac- 


itance. 
It is not 
necessary 
to filter 
these 
transients 
with an external 
capacitor 
on the AIN terminals. 


SlnullOldei Input. 


The MAX154/MAX158 
and AD7824/AD7828 
can meas- 


ure input signals 
with slew rates as high as 157mV//Ls 


to the rated specifications. 
This means that the analog 
input frequency 
can be as high as 10kHz without 
the 
aid 
of 
an 
external 
track-and-hold. 
The 
maximum 


sampling 
rate is limited 
by the conversion 
time (typi- 
cal tCRD = 2/Ls) plus the time 
required 
between 
con- 
versions 
(tp = 500ns). It is calculated 
as: 


1 
1 
fMAX = 
tCRD + tp 
- 
(2.0 + 0.5)!LS 
- 400kHz 


fMAX permits 
a maximum 
sampling 
rate of 50kHz per 
channel 
when using the MAX158/AD7828 
and 100kHz 


per channel 
when 
using the MAX154/AD7824. 
These 
rates are well above the Nyquist 
requirement 
of 20kHz 


sampling 
rate for a 10kHz input bandwidth. 


MUltIplexer 
and Reference 


BlpoM,mputOpe'.t~n 


The circuit 
in Figure 10a. can be used for bipolar 
input 
operation. 
The input voltage 
is scaled by an amplifier 
so that 
only 
positive 
voltages 
appear 
at the 
ADC's 
inputs. 
An external 
reference 
should 
be used for the 
AD7824/AD7828 
but is not needed with the MAX154/ 
MAX158. 
The 
analog 
input 
range 
is ±4V 
and 
the 
output 
code is complementary 
offset binary. The ideal 
inpuVoutput 
characteristic 
is shown 
in Figure 10b. 
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Figure lOa. Bipolar ±4V Input Operation 
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Using Real Time Filtering 
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CMOS High Speed 8-Bit A/D Converter with 
Multiplexer 
and Reference 
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Note: Connections 
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• REFOUT on MAX154/MAX158 
only 
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CMOS High Speed 8·Bit A/D Converter with 
Multiplexer 
and Reference 


_ 
Ordering 
Information 
(continued) 


PART 
TEMP RANGE 
PACKAGE" 
ERROR 


MAX158ACPI 
O°C to +70°C 
Plastic DIP 
±'h LSB 


MAX158BCPI 
O°C to +70°C 
Plastic DIP 
±1 LSB 


MAX158BC/D 
O°C to +70°C 
Dice 
±1 LSB 


MAX158ACWI 
O°C to +70°C 
Small Outline 
±'h LSB 


MAX158BCWI 
O°C to +70°C 
Small Outline 
±1 LSB 


MAX158AEPI 
-40° C to +85° C 
Plastic DIP 
±'h LSB 


MAX158BEPI 
-40° C to +85° C 
Plastic DIP 
±1 LSB 


MAX158AEWI 
-40° C to +85° C 
Small Outline 
±'h LSB 


MAX158BEWI 
-40° C to +85° C 
Small Outline 
±1 LSB 


MAX158AMDI 
-55° C to +125° C 
CERDIP 
±'h LSB 


MAX158BMDI 
-55° C to +125° C 
CERDIP 
±1 LSB 


AD7824LN 
O°C to +70°C 
Plastic DIP 
±'h LSB 


AD7824KN 
O°C to +70°C 
Plastic DIP 
±1 LSB 


AD7824LCWG 
O°C to +70°C 
Small Outline 
±1 LSB 


AD7824KCWG 
O°C to +70° C 
Small Outline 
±'h LSB 


AD7824CQ 
-25° C to +85° C 
CERDIP 
±'h LSB 


AD7824BQ 
-25° C to +85° C 
CERDIP 
±1 LSB 


AD7824UQ 
-55° C to +125° C 
CERDIP 
±'h LSB 


AD7824TQ 
-55° C to +125° C 
CERDIP 
±1 LSB 


AD7828LN 
O°C to +70°C 
Plastic DIP 
±'h LSB 


AD7828KN 
O°C to +70°C 
Plastic DIP 
±1 LSB 


AD7828LCWI 
O°C to +70°C 
Small Outline 
±1 LSB 


AD7828KCWI 
O°C to +70°C 
Small Outline 
±'h LSB 


AD7828CQ 
-25° C to +85° C 
CERDIP 
±'h LSB 


AD7828BQ 
-25° C to +85° C 
CERDIP 
±1 LSB 


AD7828UQ 
-55° C to +125° C 
CERDiP 
±'h LSB 


AD7828TQ 
-55° C to +125° C 
CERDIP 
±1 LSB 


~~I~JXI~~I 


,."pCompatible 8 Bit A/D Converter 


-------Gener.I 
Descr/ption 


The 
MAX160 
and 
AD7574 
are 
low 
cost, 
micropro- 


cessor 
compatible 
8 bit analog-to-digital 
converters 


which 
use the successive-approximation 
technique 
to 


achieve 
conversion 
times of 41-'s(MAX160) 
and 151-'s 


(AD7574). 


The NOs are designed 
to easily interface 
with micro- 


processors 
by appearing 
as a memory 
location 
or I/O 


port 
without 
the 
need for external 
interfacing 
logic. 
Data outputs 
use latched, 
three-state 
buffer 
circuitry 


to allow 
direct 
connection 
to a microprocessor 
data 


bus or system 
input 
port. 
Operation 
is simplified 
by 


an on-chip 
clock, 
+5V power supply 
requirement, 
and 


low supply 
current 
(5mA max). 


The 
MAX160 
provides 
major 
performance 
improve- 


ments over the AD7574 in accuracy 
and speed specifi- 


cations 
as well as compatibility 
with TTL logic levels. 


_________ 
Applications 


Digital 
Signal Processing 


High Speed Data Acquisition 


Telecommunications 


Process Automation 


Instrumentation 


Avionics 


DA~ OUT 


DB/·DBD 


TlIREE 
StlTE 
DRIVERS 


18~ 


• 
Improved 
Second 
Source 
(MAX160) 


• 
Fast Conversion 
Time: 41-'s(MAX160) 
151-'s(AD7574) 


• 
No Missing 
Codes Over Temperature 


• 
Single +5V Supply 


• 
Ratlometrlc 
Operation 


• 
No External 
Clock 
Necessary 


• 
Easy Interface 
To Microprocessors 


PART 
TEMP. RANGE 
PACKAGEt 
ERROR 


MAX160CPN 
O·C to +70·C 
Plastic DIP 
±'h LSB 


MAX160CC/D 
O·C to +70·C 
Dice' 
±'h LSB 


MAX160CWN 
O·C to +70·C 
Small Outline 
±'h LSB 


MAX160EPN 
-40·C to +85·C 
Plastic DIP 
±'h LSB 


MAX160EWN 
-40·C to +85·C 
Small Outline 
±'h LSB 


MAX160MJN 
-55·C to +125·C 
CERDIP" 
±'h LSB 


AD7574KN 
O·C to +70·C 
Plastic DIP 
±'h LSB 


AD7574JN 
O·C to +70·C 
Plastic DIP 
±¥. LSB 


AD7574KCWN 
O·C to +70·C 
Small Outline 
±'h LSB 


AD7574JCWN 
O·C to +70·C 
Small Outline 
HILSB 
t 
All devices - 
18 lead packages 


, 
Consult factory for dice specifications. 


'. Maxim reserves the right to ship Ceramic Packages in lieu of 


CERDIP packages. 


Ordering Information 
continued on last page 


VDD 
1 
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2 
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3 
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4 


AGND 
5 


DB7(MSB) 
6 


DB6 
/ 


DB5 
8 


DB4 
9 


NI.lJXI.l."I 
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IJP Compatible 8 Bit A/D Converter 


ABSOLUTE 
MAXIMUM 
RATINGS - 
MAX160, AD7574 


Supply Voltage, Voo to AGND 
.•.•.•.•.•.•.•..•. 
OV, +7V 
Voo to DGND 
••.•.•.•.•.•.•.•.• 
OV, +7V 
AGND to DGND 
•••••..•..••.....••••••.•.• 
-0.3V, Voo 


Digitallnputs/Outputs 
(Pins 6-17) . . •. 
DGND - 0.3V, Voo+ 0.3V 
Analog Inputs (Pins 2-4) 
.•.•.••.•.•.•.•.•... 
-20V, +20V 
Power Dissipation 
(Any Package) to +70°C .•..•.•.•• 
670mW 
Derate Above +70°C by 
•.•........•.•••.•. 
8.3mW/oC 


Storage Temperature Range •.•.•.•..•.•.• 
-65°C to +150°C 


Operating Temperature Ranges 
MAX160CPN, AD7574JN/KN/JCWN/KCWN 
••• 
O°C to +70°C 


AD7574AD/BD/AQ/BQ 
.•...•.•.••••.... 
-25°C to +85°C 


MAX160EPN 
•••...•.•.•.•.•..•.•.••• 
-40°C to +85°C 


MAX160MDN/MJN 
•.•...•.•.••••.•.•• 
-55°C to +125°C 


AD7574SDITD/SQ/TQ 
••...•••.••••••• 
-55°C to +125°C 


lead Temperature (Soldering 
10 seconds) 
•.•••....• 
+300°C 


Stresses 
above those listed 
under 
''Absolute 
Maximum 
Ratings" 
may cause permanent 
damage 
to the device. 
These are stress ratings 
only, and functional 
operation 
of the device 
at these or any other 
conditions 
above those indicated 
in the operational 
sections 
of the specification 
is not implied. 
Exposure 
to 
absolute 
maximum 
ratings 
conditions 
(or extended 
periods 
may affect 
the device 
reliability. 


ELECTRICAL 
CHARACTERISTICS 
- 
MAX160, AD7574 


(Voo 
= +5V, VREF = -10V, Unipolar 
Configuration, 
Slow 
Memory 
Mode 
using 
External 
Clock 
felK 
= 2.0MHz 
for 
MAX160 
and 


O.5MHz for AD7574 
(Fig. g). TA = TMIN to TMAX, 
unless 
specified 
otherwise.} 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN. 
TYP. 
MAX. 
UNITS 


ACCURACY 
(fClK = 2.0MHz for MAX160 and 0.5MHz for AD7574) 


Resolution 
8 
bits 


Relative Accuracy 
Error 
MAX160, AD7574K/BIT 
±1h 
lSB 
AD7574J/A/S 
±¥• 


MAX160, AD7574K/B/T 
. 
, 
±¥. 
Differential 
Non-Linearity 
AD7574J/A/S 
±% 
lSB 


MAX160, 
TA = +25°C 
±3 


Full Scale Error (Note 1) 
AD7574K/B/T 
TA = TMINto TMAX 
±4.5 
lSB 
(Gain Error) 
TA = +25°C 
±5 
AD7574JINS 
TA = TMINto TMAX 
±6.5 


MAX160 
TA = +25°C 
±20 
TA = TMINto TMAX 
±30 


Off •• t Error (Note 2) 
AD7574K/BIT 
TA = +25°C 
±30 
mV 
TA = TMINto TMAX 
±50 


AD7574J/A/S 
TA = +25°C 
±60 
TA = TMINto TMAX 
±80 


Mismatch Between BOFSand A'N 
±1.5 
% 
Resistances (Note 3) 


ANALOG 
INPUTS 


VREFInput Resistance 
5 
10 
15 
kfi 


A'N Input Resistance 
10 
20 
30 
kfi 


BOFSInput Resistance 
10 
20 
30 
kfi 


Reference Voltage 
VREF 
±5% for specified transfer accuracy 
-10 
V 


Reference Voltage Range (Note 4) 
-5 
-15 
V 


Nominal Analog Input Range 
Unipolar Mode 
0 
IVREA 
V 
Bipolar Mode 
-IVREA 
+IVREA 


LOGIC INPUTS 


MAX160; RD, CS 
2.4 
logic 
Input High Voltage 
V,NH 
AD7574; RD, CS 
3.0 
V 


MAX160, AD7574; ClK 
3.0 


MAX160, AD7574; RD, CS 
0.8 


logic 
Input low 
Voltage 
V1NL 
MAX160; ClK 
0.8 
V 


AD7574; elK 
0.4 


logic 
Input Current 
I'N 
RD, CS, V,N= 0, Voo 
TA = +25°C 
1 
p.A 


TA = TMINto TMAX 
10 


Clock Input High Current 
V,N = Voo 
TA = +25°C 
2 
mA 
TA = TMINto TMAX 
3 


Clock Input low 
Current 
V,N= OV 
TA = +25°C 
1 
p.A 
TA = TMINto TMAX 
10 


Input Capacitance 
(Note 5) 
C'N 
RD,CS 
5 
7 
pF 


J.LP Compatible 8 Bit AID Converter 


PARAMETER 
I SYMBOL 
CONDITIONS 
I 
MIN. 
TYP. 
MAX. 
UNITS 


LOGIC 
OUTPUTS 


Logic 
Output 
High 
Voltage 
VOH 
BUSY, 
oBO-oB7 
ISRC = 200I'A 
4.0 
V 


BUSY, 
oBO-oB7, 
TA = +25°C 
0.4 
ISINK = 1.6mA 


Logic 
Output 
Low 
Voltage 
VOL 
TA = TM1N to TMAX 


V 


MAX160 
0.4 


A07574 
0.8 


Floating 
State 
Leakage 
ILKG 
oBO-oB7, 
TA = +25°C 
1 
I'A 
VOUT = 0, Voo 
TA = TMIN to TMAX 
10 


Floating 
State 
Capacitance 
(Note 
5) 
oBD-oB7 
5 
7 
pF 


POWER 
REQUIREMENTS 


Power 
Supply 
Requirement 
Voo 
+5V ±5% 
for 
specified 
performance 
4.75 
5.25 
V 


Power 
Supply 
Current 
100 
A'N = OV, AoC 
in reset 
condition 
1 
5 
mA 


Reference 
Current 
IREF 
Conversion 
complete, 
before 
reset 
VREF/5 
V/kn 


Note 
1: 
Note 
2: 
Note 
3: 


Full 
scale 
error 
is measured 
after 
correcting 
for 
offset 
error. 
Max 
full-scale 
change 
from 
+25°C 
to T MIN or T MAX is ±1 LSB. 


Maximum 
offset 
change 
from 
+25°C 
to T MIN or T MAX is ±10mV. 
Typical 
offset 
temperature 
coefficient 
is 50I'VloC. 


ReoFs/RA1N 
mismatch 
causes 
transfer 
function 
rotation 
about 
positive 
full 
scale. 
The 
effect 
is an 
offset 
and 
gain 
term 
when 


using 
the 
circuit 
of Figure 
9b. 


Typical 
value, 
not 
guaranteed 
or subject 
to test. 


Guaranteed 
but 
not 
tested. 


___________________ 
Typical Operating 
Characteristics 
•• 


CONVERSION 
TIME 
USING 
OFFSET 
ERROR 
vs. 


INTERNAL 
CLOCK 
CONVERSION 
TIME 


LINEARITY 
ERROR 
vs. 


CONVERSION 
TIME 
30 


fA = +25°C 
Vno=+5V 
2lI 
V.., = -IOV 
UNIPOLAR 
MODE 
! 
~ 
INOTHERMoOES 
10 


~ 


~ij 
::> 


IN ROMMOOE 


-10 


0 
10 
12 
14 


CONVERSION 
TIME1.'1 
IFoRRAMANOSLOWMEMORYMOOES) 


TA = +25°C 
Vno= +5V 
V,,, = -loV 
UNIPOlARMODE 


50 
75 
1110 125 
150 


Rm -lkOi 


4 
6 
8 
10 
12 
14 


CONVERSION 
TIMEI.') 
IFoRRAMAHoSLOWMEMORY 
MooESI 


o8N - I 
3ko 


~ 3ko 


o8N~ 


Cl 


IOGNo 


~ 3ko 
oBN---±=- 


r 


lOpF 


-= oGNo 


o8N-- -3k-o-'I-=---F_ 
IOpF 


oGHo 


,."pCompatible 8 Bit A/D Converter 


TIMING CHARACTERISTICS 
(Note 1, 2) - 
MAX160 


(Voo = +5V. CCLK = 100pF, RCLK = 22kn. unless 
otherwise 
specified.) 


PARAMETER 
SYMBOL 
CONDITIONS 
TA = +25°C 
TA = TMIN 
TA = TMAX 
UNITS 


MIN. 
TYP. 
MAX. 
MIN. 
MAX. 
MIN. 
MAX. 


STATIC RAM INTERFACE MODE (See Figure 5 and Table 5) 


CS Pulse Width Requirement 
tcs 
100 
150 
150 
ns 


RD to CS Setup Time 
twscs 
0 
0 
0 
n5 


CSloBUSY 
tcapo 
CL = 20pF 
60 
100 
100 
130 
ns 
Propagation 
Delay (Note 2) 
CL = l00pF 
70 
110 
110 
150 


BUSY to RD Setup Time 
tasR 
0 
0 
0 
n5 


BUSY to CS Setup Time 
tescs 
0 
0 
0 
ns 


Data Acee •• Time (Note 3) 
tRAO 
CL = 20pF 
50 
90 
90 
120 
ns 
CL = l00pF 
60 
100 
100 
140 


Data Hold Time (Note 4) 
tRHO 
80 
120 
120 
180 
ns 


CS to RD Hold Time 
tRHCS 
250 
230 
500 
ns 


Reset Time Requirement 
tRESET 
1.5 
1.5 
1.5 
/'5 


Conversion Time Using Int CLK 
tCONV 
Rcu<= 22kO 
4 
5 
6 
4 
6 
4 
6 
/'s 


Intemal Clock Temperature Drtft 
250 
ppm/oC 


Conversion Time UlIlng Ext ClK 
tCONV 
fcU< = 2.0MHz 
4 
4 
4 
/'5 


ROM INTERFACE MODE (See Figure 6 and Table 6) 


RDHIGH to BUSY Delay (Note 2) 
twapo 
CL = 20pF 
800 
1200 
1200 
1200 
ns 


BUSY to RD LOW Setup Time 
tasR 
(Note 5) 


Data Access Time (Note 3) 
tRAO 
CL = 20pF 
50 
90 
90 
120 
n5 
CL = 100pF 
60 
100 
100 
140 


Data Hold Time (Note 4) 
tRHO 
80 
120 
120 
180 
n5 


Conversion Time Using Int ClK 
tCONV 
RCLK= 22kO 
4 
5 
6 
4 
6 
4 
6 
/'s 


SLOW MEMORY INTERFACE MODE (See Figure 7 and Table 7) 


Data Access Time (Note 3) 
tRAO 
CL = 20pF 
0 
90 
90 
120 
ns 
CL = l00pF 
0 
100 
100 
140 


Data Hold Time (Note 4) 
tRHO 
80 
120 
120 
180 
ns 


CStoBUSY 
tcapo 
CL = 20pF 
60 
100 
100 
130 
Propagation 
Delay (Note 2) 
CL = 100pF 
70 
110 
110 
150 
ns 


Reset Time Requirement 
1.5 
1.5 
1.5 
/'s 


Conversion Time Using Int ClK 
!cONY 
RCLK= 22kO 
4 
5 
6 
4 
6 
4 
6 
/'5 


Conversion Time Using Ell! elK 
tCONV 
'CLK= 2.0MHz 
4 
4 
4 
/'5 


Note 1: 
All input control signals are specified with tR = tF = 20ns (10% to 90% of 5V) and timed from a voltage level of 1.6V. 
Note 2: 
Busy output crosses 0.8V or 2.4V. 


Note 3: 
Outputs are loaded with circuits 
in Figure 1 and defined as the time required for an output to cross 0.8 or 2.4V. 


Note 4: 
Outputs are loaded with circuits 
in Figure 2 and defined as the time required for an output to change 0.5V. 


Note 5: 
RD can go low prior to BUSY = HIGH, but must not return HIGH until BUSY = HIGH. See Table 6. 


p,P Compatible 8 Bit A/D Converter 


TIMING CHARACTERISTICS 
(Note 1, 2) - 
AD7574 


(VDD = +5V. CCLK = l00pF, 
RCLK = 180kO, unless 
otherwise 
specified.) 


PARAMETER 
SYMBOL 
CONDITIONS 
I 
TA = +25°C 
I 
TA = TMIN 
TA = TMAX 
UNITS 
I MIN. 
TYp. 
MAX. 
MIN. 
MAX. 
MIN. 
MAX. 


STATIC RAM INTERFACE MODE (See Figure 5 and Table 5) 


CS Pulse Width Requirement 
tes 
100 
150 
150 
ns 


RD to CS Setup Time 
twses 
0 
0 
0 
ns 


CSto 
BUSY 
CL = 20pF 
50 
120 
120 
180 
ns 


Propogation 
Delay (Note 2) 
teepo 
CL = l00pF 
70 
150 
150 
200 


BUSY to RD Setup Time 
tesR 
0 
0 
0 
ns 


BUSY to CS Setup Time 
teses 
0 
0 
0 
ns 


Data Access Time (Note 3) 
tRAO 
CL = 20pF 
40 
150 
150 
220 
ns 
CL = l00pF 
60 
300 
300 
400 


Data Hold Time (Note 4) 
tRHO 
AD7574SfT 
50 
80 
120 
30 
80 
80 
180 
ns 
AD7574J/K1AlB 
50 
80 
120 
30 
120 
50 
180 
ns 


CS to RD Hold Time 
tRHes 
250 
200 
500 
ns 


Reset Time Requirement 
3 
3 
3 
JlS 


Conversion Time Using Int ClK 
teoNv 
See Graph 
23 
JlS 


Conversion Time Using Ext ClK 
teoNv 
feLK = 500kHz 
15 
15 
15 
Jls 


ROM INTERFACE MODE (See Figure 6 and Table 6) 


Data Access Time (Note 3) 
tRAO 
CL = 20pF 
40 
150 
150 
220 
ns 
CL = l00pF 
60 
300 
300 
400 


Data Hold Time (Note 4) 
tRHO 
AD7574SfT 
50 
80 
120 
30 
80 
80 
180 
ns 


AD7574J/K1A1B 
50 
80 
120 
30 
120 
50 
180 
ns 


RD HIGH to BUSY Delay (Note 2) 
twepo 
CL = 20pF 
700 
1500 
1000 
2000 
ns 


BUSY to RD lOW Setup Time 
tesR 
(NoteS) 


Conversion Time Using Int ClK 
teoNv 
See Graph 
25 
JlS 


SLOW MEMORY INTERFACE MODE (See Figure 7 and Table 7) 


Data Access Time (Note 3) 
tRAO 
CL = 20pF 
40 
150 
150 
220 
ns 
CL = loopF 
60 
300 
300 
400 


Data Hold Time (Note 4) 
tRHO 
AD7574SfT 
50 
80 
120 
30 
80 
80 
180 
ns 
AD7574J/K/AiB 
50 
80 
120 
30 
120 
50 
180 
ns 


CSto 
BUSY 
tee PO 
CL = 20pF 
40 
120 
120 
180 


Propagation 
Delay (Note 2) 
CL = l00pF 
60 
150 
150 
200 
ns 


Reset Time Requirement 
3 
3 
3 
JlS 


Conversion 
Time Using Int Clk 
teoNv 
See Graph 
23 
JlS 


Conversion 
Time Using Ext Clk 
teoNv 
feLK = 500kHz 
15 
15 
15 
JlS 


Note 1: 
All input control signals are specified with tR = tF = 20ns (10% to 90% of 5V) and timed from a voltage level of 1.6V. 


Note 2: 
Busy output crosses 0.8V or 2.4V. 


Note 3: 
Outputs are loaded with circuits in Figure 1 and defined as the time required for an output to cross 0.8 or 2.4V. 
Note 4: 
Outputs are loaded with circuits in Figure 2 and defined as the time required for an output to change 0.5V. 


Note 5: 
RD can go low prior to BUSY = HIGH, but must not return HIGH until BUSY = HIGH. See Table 6. 


-- 


PIN 
NAME 
FUNCTION 


1 
voo 
Power supply voltage, +5V. 


2 
VREF 
Reference Input, nominal-10V. 


3 
BOFS 
Bipolar Ollset Input, +10V for bipolar 
mode, connect to A'N for unipolar 
mode. 


4 
A'N 
Analog 
input, 0 to +10V for unipolar 
mode, 
-10V to +10V for bipolar 
mode. 


5 
AGND 
Analog Ground. 


6 
DB7 
Three-state 
data output, bit 7 (MSB). 


7 
DB6 
Th ree-state data output, bit 6. 


8 
DB5 
Three-state 
data output, bit 5. 


9 
DB4 
Three-state 
data output, bit 4. 


10 
DB3 
Three-state 
data output, bit 3. 


---- 
__ 
Detailed 
Description 
Converter Operetlon 


The MAX160/AD7574 
uses the successive approxi- 
mation 
technique 
to 
convert 
an unknown 
analog 
input to an 8 bit digital output code. The control logic 
provides easy interface to most microprocessors. Most 
applications 
require only passive clock components, 
a -10V reference, and a +5V power supply. 


Figure 3 shows the MAX160/AD7574 functionl~L,gia- 
grnm. When a start command 
is received from CS or 
RD (see Digital 
Interface 
Section), 
BUSY goes low 
indicating 
that the conversion 
is in progress. 
Suc- 
cessive 
bits, starting 
with 
the most significant 
bit 
(MSB), 
are 
applied 
to 
the 
input 
of 
a DAC. The 
comparator 
determines 
whether the addition 
of the 
bit causes the DAC output 
to be larger or smaller 
than 
the 
analog 
input, 
AIN. If the 
DAC output 
is 
greater than AIN, the trial bit is turned OFF, otherwise 
it is kept ON. Each successively 
smaller 
bit is tried 
and compared 
to AIN in this manner until the least 
significant 
bit (LSB) decision has been made. 


When 
all 
bits 
have been tried, 
BUSY goes 
high, 


indicating 
that the conversion 
is complete 
and the 
successive 
approximation 
register 
contains 
a valid 


representation 
of the-lillalog 
input. 
The data can 
then be read using the RD input (see Digital Interface 
Section), 


DAC Circuit Det.lIs 


A thin film 
R-2R resistor 
network 
provides 
binarily 
weighted 
currents for each bit in the internal multi- 


PIN 
NAME 
FUNCTION 


11 
DB2 
Three-state data output, bit 2. 


12 
DB1 
Three-state data output, bit 1. 


13 
DBO 
Three-state data output, bit 0 (LSB). 


BUSY 
-- 
14 
BUSY output, BUSY goes low at the start 
of a conversion 
and returns high when the 


conversion 
is complete. 
- 
- 
15 
RD 
READ input, RD must be low to access 
data. See Digital Interface section. 


16 
- 
CHIP-SELECT 
input. Used for conversion 
CS 
control or device addressing. 
See Digital 
Interface section. 


17 
CLK 
External clock inpul/lnternal 
clock 
frequency set input. 


18 
DGND 
Digital Ground. 


plying DAC (see Figure 4). N-channel 
MaS switches 
are 
used to steer 
current 
to 
either 
the summing 
junction 
or AGND 
depending 
on the 
DAC digital 
code. 
The AIN and 
BOFS input 
resistors 
also use 
series MaS 
switches 
(always ON) that 
match the 
DAC switches to maintain gain temperature tracking. 


18~ 


p,P Compatible 8 Bit A/D 
Converter 


VREF 
AIM 
BOFS 
~ 


ZR 
2R 
ZR 
2R 
ZR 
2R 
2R 
>c 
••••8 


~ 
~ 


CiI 


~ 


INPUTS 
OUTPUTS 
MAX160/A07574 OPERATION 
CS 
RO 
BUSY 
OB7-0BO 


L 
H 
H 
HI-Z 
Write Cycle (Start Convert) 


L 
L 
H 
HI-Zto 
DATA 
Read Cycle (Data Read) 


L 
.r 
H 
DATA to HI-Z 
Reset Converter 


H 
X (Note 1) 
X 
HI-Z 
Not Selected 


L 
H 
L 
HI-Z 
No Effect (Converter Busy) 


L 
L 
L 
HI-Z 
. 
No Effect (Converter Busy) 


L 
r 
L 
HI-Z 
Not Allowed, Conversion 
Error 
- 
- 
-- 


NDP OR OTHER 
INSTRUCTIONS 
UNTIL BUSY = HIGH 


MEMORY READ TO 
MAXlBO/A07574 
AODRESS 


MEMORY WRITE TO 
MAXlBO/AD7574 
ADDRESS 


J.LP Compatible 8 Bit A/D Converter 


INPUTS 
OUTPUTS 
MAX160/AD7574 OPERATION 
CS 
RD 
BUSY 
DB7-DBO 


L 
L 
H 
HI-Zto 
DATA 
Data Read 


L 
S 
L 
DATA to HI-Z 
Reset and Start New Conversion 


L 
L 
L 
Hi-Z 
No Effect (Converter 
Busy) 


L 
S 
L 
HI-Z 
Not Allowed, Conversion 
Error 


MEMORY READ TO 
MAXI60/A07574 
ADDRESS 


MEMORY READ TO 
MAXI60/A07574 
ADDRESS 


MICROPROCESSOR 
OPERATION 


Rii IPIN 151 


INPUTS 
OUTPUTS 
MAX160/AD7574 OPERATION 
CS& RD 
BUSY 
DB7-DBO 


H 
H 
HI-Z 
Not Selected 
L 
H-L 
HI-Z 
Start Conversion 


L 
L 
HI-Z 
Conversion 
in Progress. I'P in WAIT State 


L 
S 
HI-Zto 
DATA 
Conversion 
Complete. I'P READS Data 


S 
H 
DATA to HI-Z 
Converter Reset and Deselected 


H 
H 
HI-Z 
Not Selected 


IJP Compatible 8 Bit AID Converter 


________ 
Digital Inte,face 


The MAX160/AD7574 has three interface !l12-deswh.iQ1 
are determined 
by the timing 
of the 
CS and 
RD 


inputs. 


Static RAM Interface Mode 


Table 5 and Figure 5 show the truth table and timing 
requirements 
for interfacing 
the MAX160/AD7574 as a 


static RAM. 


A conversion is started by executing a memory WRITE 
instruction 
to the MAX16QlAD7574 address. Once a 
conversion 
is in progress, subsequent 
WRITE opera- 
tions 
have no effect. 
Data is read by executing 
a 
memory READ operation 
to the ND's 
address. 


BUSY must be high before a READ is attempted. 
In 
other 
words, 
the elapsed time between 
WRITE and 


READ~ 
be greater 
than 
the conversion 
time. 


Once 
BUSY is HIGH 
(end of conversion) 
the data 
READ can be performed. 
The data readout 
is de- 


structi~since 
the MAX160/AD7574 is internally 
reset 
when 
RD goes high. 
Note that CS remaining 
lOW 
longer than the hold time (tRHCS) will initiate 
a new 
conversion. 


ROM Interface Mode 


Table 6 and Figure 6 show the truth table and timing 
requirements 
for interfacing 
the MAX160/AD7574 as 
Read Only Memory. 


In this mo~the 
CS input 
is not used and is held 
low. 
The 
RD 
input 
is derived 
from 
the 
decoded 
device 
address. 
A data 
READ 
is initiated 
by exe- 
cuting 
a memory 
READ instruction 
to the MAX1601 


AD7574 addr~ 
location. A conversion 
automatically 
starts when 
RD returns 
HIGH. 
Si.!!li@Lto 
the RAM 
mode, attempting 
a READ before BUSY goes HIGH 
will result in incorrect 
data being read. 


The advantage 
of the ROM mode 
is its simplicity. 


The major disadvantage 
is that the data obtained 
is 
poorly 
defined 
in time since the conversion 
is per- 


fo~med 
at the end of a previous 
READ 
operation. 


This 
problem 
can be overcome 
by performing 
two 
READ operations 
back to back and only 
using the 
data from the second read. 


Slow-Memory Interface Mode 


Table 7 and Figure 7 show the truth table and timing 
requirements 
for interfacing 
the MAX160/AD7574 as 


slow memory. This mode is intended 
for processors 
that can be forced 
into a WAIT state for periods 
as 
long as the MAX160/AD7574 conversion 
time. 


In this 
mode 
CS and 
RD are tied 
togeth~:Iilll 
decoded 
device 
address 
is used to drive 
CS/RD. 


The 
BUSY output 
is connected 
to the processor's 


READY input. A conversion 
is initiated 
by executing 
~ory 
READ 
to the 
MAX160/AD7574 
address. 


BUSY then goes lOW 
and forces the processQL.ln1Q 
a WAIT state. At the end of the conversion, 
BUSY 


returns 
high 
and the 
data 
is available 
at the data 


outputs. 


The major 
advantage 
of the slow memory 
mode is 
that 
it allows 
the 
processor 
to 
start 
and 
end 
a 


conversion 
and read the result with a single 
READ 
instruction. 


Do 
not 
attempt 
a memory 
WRITE 
in this 
mode, 


since a three-state 
bus conflict 
will arise. 


Interface Application 
HInt. 


Timing and Control 


Failure to observe the timing 
restrictions 
of Figures 


5-7 may cause the MAX160/AD7574 to change lnter- 
face modes. For example, in the RAM mode, if CS is 
held low for too long, the converter 
moves into the 
ROM mode since a new conversion 
starts. 


Logic Deglltchlng 
In liP Applications 


Unspecified 
states 
in the 
addre~bus 
~n 
cause 
glitches 
at the 
MAX160/AD7574 
CS or 
RD inputs. 


Such glitches can cause undesired conversion 
starts, 


resets or data reads. The best method 
for avoiding 
~se 
p..IQ!:>lemsis to gate the address 
decode 
with 
WR or RD when in the RAM or ROM modes. In the 
slow memory 
mode use latched address inputs. 


Initialization 
After Power-Up 


To initialize the MAX160/AD7574 at power-up, 
perform 
a memory 
READ to its address 
location 
and ignore 
the data. 


InternalOscll/ator 


The 
MAX160/AD7574 
has in internal 
asynchronous 
clock oscillator which starts when a convert command 
is received and stops at the end of a conversion. 


The oscillator 
requires an external resistor and capac- 
itor 
connected 
as shown 
in Figure 
8. The 
internal 
oscillator 
has good initial accuracy 
and stability 
over 
temperature 
and supply voltage. See Typical Operat- 


ing Characteristics 
for typical conversion 
times versus 
RCLKwith CCLK set at 100pF. 


To prevent false triggering 
of the internal clock, RCLK 


and CCLK must be placed close to the ClK 
pin and 
coupling 
from 
the 
CS 
and 
RD 
inputs 
must 
be 
minimized. 


Yo. 
oGNo 


CLK 
17 


..NIAXIAo1 
MAX160 
AD7574 


oSNo 
18 


CLK 
17 


""""AXI"""" 
MAX160 CS 
16 
AD7574 


Ro 
15 


EXTERNAL CLOCK IN 
.JUU 


Operation 
With External 
Clock 


For 
applications 
where 
synchronous 
operation 
is 


required 
or the conversion 
time must be accurately 


controlled, 
an external clock can be used. 


Figu~ows 
how an external 
clock 
is connected. 
The 
BUSY output 
is connected 
to the three-state 
enable 
input 
of 
a 74125 buffer. 
A 500kHz 
clock 
provides a conversion 
time of 151-'s. 


The 
external 
clock 
should 
be 
used 
only 
in 
the 


static-RAM 
or slow-memory 
modes 
and not in the 
ROM mode. Timing 
constraints 
for the external clock 


operation 
are as follows: 


STATIC RAM MODE 


1. When 
initiating 
a conversion, 
CS should 
go low 


on a positive clock edge to provide optimum 
settling 


time for the MSB. 


~ata 
READ can be performed 
at any time after 
BUSY = HIGH. 


SLOW MEMORY MODE 


1. When 
starting 
a conversion, 
CS and RD should 


go low on a positive clock edge to provide 
optimum 


settling 
time for the MSB. 


______ 
Analog Considerations 


Application Hint. 


Input Loading at VREF, A/H, and BOFS 


To prevent input loading effects due to the finite input 
resistance 
of 
these 
pins, 
low 
impedance 
driving 


sources 
must 
be used (i.e. op-amp 
buffers, 
or low 


output impedance 
references). 


Ratlometrlc 
Operation 


Ratiometric 
operation 
is inherent 
for the multiplying 


DAC scheme used on the MAX160/AD7574. 
However, 


the user must recognize 
that comparator 
limitations 


such as offset voltage, input noise and gain degrade 
the transfer 
function 
at reference 
voltages 
less than 


-10V. 


Offset Correction 


Offset error in the transfer 
function 
can be trimmed 


by offsetting 
the buffer that drives the AIN input. This 


can be achieved 
either 
by summing 
a cancellation 


current 
into the amplifier's 
summing 
junction, 
or by 


tapping 
a voltage divider which sits between Voo and 


VREFand applying 
the tap voltage 
to the amplifier's 


non-inverting 
input. An example of the latter method 


can be seen in Figure 12. 


Analog and Digital Ground 


It is recommended 
that the AGND and DGND 
pins 


be connected 
locally 
to prevent noise injection 
into 


the NO converter. In systems where the AGND-DGND 
connection 
is not 
local, 
clamp 
diodes 
should 
be 


connected 
between 
AGND 
and DGND 
to keep the 


two 
ground 
busses within 
one diode 
drop 
of each 


other. 


Unlpol., Bin.,., 0P8,.tlon 


Figures 10 shows the analog circuit 
connections 
and 


nominal transfer characteristic 
for unipolar 
operation. 


Calibration 
is as follows: 


Offset 


If offset trimming 
is required, 
it must be done in the 


signal 
conditioning 
circuitry 
used to drive 
the AIN 


input 
in Figure 
10. See also the offset trim example 


shown in Figure 12. 


1. Apply 
-39.1mV (1 LSB) to the input 
of the buffer 


amplifier used to drive R1 (i.e. +39.1 mVat 
R1). 


2. Adjust the offset potentiometer 
until DB7-DB1 are 


LOW and DBO flickers. 


Gain (Full Scale) 


Offset 
adjustment 
must be performed 
prior 
to gain 


adjustment. To trim gain: 


1. Apply -9.961V to the input of the buffer that drives 
R1 (i.e. +9.961V at R1) 


2. Adjust 
trim pot R2 until 
DB7-DB1 
are HIGH 
and 


DBO flickers. 


IJP Compatible 8 Bit A/D Converter 


Bipolar (O"•• t Binary} Operation 


Figure 
11 illustrates 
the analog 
circuitry 
and transfer 


function 
for bipolar 
operation. 
The output 
coding 
is 


offset 
binary. 
Offset 
correction 
can be performed 
at 


the 
buffer 
amplifier 
used 
to 
drive 
the 
signal 
input 


terminals 
of the 
MAX160/AD7574. 
See Figure 
12 for 


an example 
of how offset trimming 
can be performed. 
Calibration 
is as follows: 


1. Adjust 
R6 and R7 for minimum 
resistance 
across 


the potentiometers. 


2. Apply 
+10.000V to the buffer amplifier 
used to drive 


the signal 
input 
(I.e. -10.000V at R6). Then trim 
R6 or 


R7 (whichever 
is required) 
until 
DB7-DB1 
are LOW 


VREF 


.NIA X I.NI 


Bo•• 
MAX160 
AD7574 
[OI~F 
Rllkfilll\1 


SIONAl 
INPUI 
OV 10 +IOV 


and DBO flickers. 


3. Apply 
OV to the buffer 
amplifier 
used to drive the 


signal 
input 
terminals. 
Then 
trim the offset 
circuit 
of 


the 
buffer 
amplifier 
until 
the 
ADC 
output 
flickers 


between 
01111111and 10000000. 


4. Apply 
+10.000V to the input of the buffer 
amplifier 


(I.e. -10.000V as applied 
to R6). Then 
trim 
R2 until 


DB7-DB1 
are LOW and DBO flickers. 


5. Apply -9.922V to the input ofthe 
buffer amplifier 
(I.e. 


+9.922Vatthe 
input side of R6).lfthe 
ADC output code 


is not 11111110± 1 bit, repeatthecalibration 
procedure. 


I:~:;I~:~ r 
11111110 


11111101 


I 
.,' 
=Ij /' 
=~--------- 
o 
0.04 
0.08 
0.' 2 
0.16 
9.92 
9.96 
10.0 


INPUI 
VOLlADE (VOLlSI 


Approximate bit weights are shown for illustration 


VREF 


MAXIM 


Bo•• ~g;~~ 


OU1PUI 
CODE 


lOOOlIlll 


011111111 


01111101 


01111110 


01111111 


1ס0ooooo 


llIlIIlIIll 


01111110 


01111011 


011111111 


01111101 


-400 -3211-240 
-160 
-60 
0 
60 
160 
240 
3211 400 


p,P Compatible 8 Bit A/D 
Converter 


Bipolar 
(Complementary 
Off•• t Blnery) Operation 


Figure 
12 shows 
the 
analog 
connections 
for 
offset 
binary operation. 
The typical 
transfer 
characteristic 
is 
also shown. 
In this bipolar 
mode, the input signal 
(-10 
to +10V) is conditioned 
and the AID basically 
operates 


in unipolar 
mode (0 to +10V). Calibration 
is as follows 


(offset adjusted 
before gain): 


R5201cO 


R4201cO 
R31DkO 


VREF 


.MAXI.M 
3 
8", 
MAXIBO 
AD7574 


Offset 


1. Apply 
OV to the analog 
input shown 
in Figure 12. 


2. Adjust 
R9 until 
the 
converter 
output 
flickers 
be- 


tween codes 01111111and 10000000. 


Gain (Full Scale) 


1. Apply 
-9.922V 
across 
the 
analog 
input 
terminals 


shown 
in Figure 12. 


2. Adjust R2 until DB7-DB1 are HIGH and DBO flickers 
between 
HIGH and LOW. 


OUTPUT CODE 


1ססoo100 


11l1OOO11 


11l1OOO10 


DIGITAl SUPPLY 
RETURN 
100l1IOOO 


01111111 


01111110 


01111101 


01111100 


01111011 
-400-320-240 
-180 
-so 


ANALOG SUPPLY 
RETURN 


Note 1: R1 and R2 can be omitted if gain trim is not required. 
Note 2: R8. R9 and R10 can be omitted if offset trim is not required. 
Note 3: RBII R811R10 = 5kfi. If R8, R9 and R10 are not used, make Rs = 5kfi. 


Figure 12. Bipolar (-10V to +10V) Operation and Nominal Transfer Characteristic Around Major Carry (Output Code is Complimentary 
Offset 


Binary) 


PART 
TEMP. RANGE 
PACKAGEt 
ERROR 


AD7574AQ 
-25°C to +85°C 
CERDIP" 
±'h lSB 


AD7574BQ 
-25°C to +85°C 
CERDIP" 
±'I<lSB 


AD7574SQ 
-55°C to +125°C 
CERDIP" 
±'h lSB 


AD7574TQ 
-55°C to +125°C 
CERDIP" 
±'I<lSB 


AD7574AD 
-25°C to +85°C 
Ceramic 
±'h lSB 


AD7574BD 
-25°C to +85°C 
Ceramic 
±'I<lSB 


AD7574SD 
-55°C to +125°C 
Ceramic 
±'h lSB 


AD7574TD 
-55°C to +125°C 
Ceramic 
±lI.lSB 


t 
All devices - 
18 lead packages 


•• Maxim reserves the right to ship Ceramic Packages in lieu of 
CERDIP packages. 


~ 


0.'01'~ 
12565MMI 


VREF 
VDO 
CLK 
80f8 
OGNO"C! 
:T 
AUfl 
0.072"1 


_______ 
Gener.' Description 


The MAX161 and AD7581 are CMOS single-chip 
8-bit, 
8-channel 
data acquisition 
systems 
(DAS). Each chip 
includes 
an 
8-bit 
AID 
converter, 
8-channel 
multi- 
plexer, 8 x 8 dual port RAM with contention 
logic, and 
microprocessor 
compatible 
I/O logic. When combined 
with a voltage 
reference, 
a complete 
data acquisition 
system 
is produced 
that 
interfaces 
with 
the majority 
of microprocessors. 


Conversions 
take 
place 
on 
a continuous, 
channel 
sequencing 
basis 
using 
a microprocessor 
clock 
or 
control 
signal. 
Data 
is stored 
automatically 
in dual 
port 
RAM 
so that 
any channel 
can 
be read at any 
time under microprocessor 
control. 


The MAX161 is an enhanced, 
pin-compatible 
version 
of the AD7581. 
Improvements 
include 
faster 
conver- 
sion and interface 
timing, 
lower zero error 
and drift, 
reduced 
power 
dissipation, 
and availability 
in military 


temperature 
grades. 
All 
devices 
are available 
in 28 
pin DIP and Small Outline 
(SO) packages. 


- 
Appllcat/ons 


Digital Signal Processing 


Data Loggers 


Automatic 
Test Equipment 


Robotics 


Process Control 


T T 


~~I~JXI~~I 
CMOS 8-Bit 8-Channel 
Data Acquisition 
System 
____________ 
Features 


• 
Fast Conversion 
Time: 20~sec (MAX161) 


• 
No Missing 
Codes 
Over Temperature 


• 
On Chip S x S Dual Port RAM 


• 
Interfaces 
Directly 
To ZSO/SOSS/6S00 


• 
Ratiometric 
Capability 


• 
Interleaved 
DMA Operation 
_______ 
Ordering Information 


PART 
TEMP. RANGE 
PACKAGE" 
ERROR 


MAX161ACPI 
O°C to +70°C 
Plastic DIP 
1 7/8 LSB 


MAX161BCPI 
O°C to +70°C 
Plastic DIP 
3/4 LSB 


MAX161CCPI 
O°C to +70°C 
Plastic DIP 
1/2 LSB 


MAX161ACWI 
O°C to +70°C 
Small Outline 
17/8 LSB 


MAX161BCWI 
O°C to +70°C 
Small Outline 
3/4 LSB 


MAX161CCWI 
O°C to +70°C 
Small Outline 
1/2 LSB 


MAX161CC/D 
O°C to +70°C 
Dice 
17/8 
LSB 


MAX161AEPI 
-40° C to +85° C 
Plastic DIP 
17/8 LSB 


MAX161BEPI 
-40° C to +85° C 
Plastic DIP 
3/4 LSB 


MAX161CEPI 
-40° C to +85° C 
Plastic DIP 
1/2 LSB 


MAX161AEWI 
-40° C to +85° C 
Small Outline 
17/8 LSB 


MAX161BEWI 
-40° C to +85° C 
Small Outline 
3/4 LSB 


MAX161CEWI 
-40° C to +85° C 
Small Outline 
1/2 LSB 


MAX161AMJI 
-55° C to +125° C 
CERDlp·· 
17/8 LSB 


MAX161BMJI 
-55° C to +125° C 
CERDlp·· 
3/4 LSB 


MAX161CMJI 
-55° C to +125° C 
CERDlp·· 
1/2 LSB 


• All devices - 
28 lead packages 
•• Maxim reserves the right to ship Ceramic 
Packages in lieu of 


CERDIP Packages. 
Ordering 
Information 
continued 
on last page. 
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ABSOLUTE MAXIMUM RATINGS 
Voo to AGND 
...........•...•........................... 
+7V 


Voo to DGND 
...•.....•..•...............•.............. 
+7V 
AGND to DGND 
........•................•........ 
-o.3V, Voo 
Digital 
Input 
Voltage 
to 
DGND 


(pins 13,16-19) ..........................•........ 
-o.3V, Voo 
Digital Output Voltage to DGND 


(pins 12,20-27) 
-o.3V, Voo 


CLK (pin 15) input voltage to DGND 
-o.3V, Voo 


VREF(pin 10) to AGND 
..•.............................. 
±25V 


VaoFs (pin 1) to AGND 
......•...•....................... 
±17V 
AIN (D-7) (pins 9-2) 
.................•...•....•......... 
±17V 


Operating 
Temperature 
Range 
MAX161XC, AD7581J/K/L 
...........•..•...... 
O°C to +70°C 


AD7581AlBIC 
.... 
.. .. .. . .. .. .. .. .. .. .. .. ... 
-25° C to +85°C 


MAX161XE 
........................•....... 
-40°C to +85°C 


MAXI61XM. AD7581S/T/U 
-55°C TO +125°C 


Storage Temperature Range 
-65°C to +150°C 


Lead Temperature (Soldering, 10 secs) 
+300°C 


Power Dissipation (Package) 
Plastic DIP (Derate 12mWfOC above +50°C) •...•.... 
1200mW 


Ceramic (Derate 10mWfOC above +50° C) 
.......•..• 
l000mW 


CERDIP (Derate 10mWfOC above +50°C) 
l000mW 


Small Outline (Derate 12mW/oC above +50°C) 
l000mW 


Stresses above those listed under ''Absolute Maximum 
Ratings" 
may cause permanent 
damage to the device. These are stress ratings only and functional 
operation 
of the device at these or any other conditions 
above those indicated 
in the operational 
sections ot the specifications 
is not implied. 
Exposure 
to 
absolute 
maximum 
rating conditions 
for extended periods 
may affect device reliability. 


ELECTRICAL CHARACTERISTICS 
(Voo = +5V. VREF = -10V. TA = TMIN to TMAX, unless 
otherwise 
specified) 


PARAMETER 
SYMBOL I 
CONOITIONS 
MIN. 
TYP. 
MAX. 
UNITS 


ACCURACY (atlcLK = 4.0MHz lor MAX161, 1.2MHz lor AD7561) 


Resolution 
8 
Bits 


MAl<161A. AD7581JIAIS 
±¥. 
±11f1 


Relative Accuracy 
MAXI61B, AD7581K/BIT 
±'h 
±:v. 
LSB 


MAXI61C, AD7581UC/U 
±1f. 
±lh 


MAXI61A, AD7581JIAIS 
±:v. 
±11f1 


Differential Nonlinearity 
MAXI61B, AD7581K/BIT 
±1h 
±% 
LSB 


MAXI61C. AD7581UC/U 
±1f4 
±3f. 


AdJultable to zero 
MAX161A 
±eo 
±120 
MAX161B 
±40 
±eo 


Olf •• t Error 
MAX161C 
±20 
±40 


(S•• Figure 5, Note 1) 
AD7581 J/A/S 
±60 
±200 
mV 


AD7581 K/BIT 
±40 
±80 
A 07581 LlC/U 
±20 
±50 


Gain Error. Worst Channel 
Adjustable 
to zero 
MAXI61A, 
AD7581J/A/S 
±3 
±6 


(See Figure 5, Note 2) 
MAX161 B, AD7581 K/B/T 
±2 
±4 
LSB 


MAXI61C, 
AD7581L1C/U 
±1 
±2 


Gain Match Between Channels 
Adjustable 
to zero 
MAXI61A. 
AD7581J/A/S 
2 
3 


(See Figure 5) 
MAXI61B, 
AD7581K/B/T 
1 
2 
LSB 


MAX161 C, AD7581 LlC/U 
'h 
1 


BOFSGain Error (Note 3) 
±1 
LSB 


ANALOG 
INPUTS 


Input Resistance at VREF, 
R'N 
Pins 1 to 10 (Note 4) 
10 
20 
30 
kO 
BOFS,and AIN7-AINO 


VREF(For Specified 
VREF 
-10.5 
-9.5 
V 
Performance) 


VREFRange 
-5V to -15V 
V 


+Unipolar Mode (See Figure 5) 
0 
+VREF 


Nominal Analog Input Range 
-Unipolar 
Mode (See Figure 7) 
-VREF 
0 
V 


Bipolar Mode (See Figure 9) 
-VaoFs 
IVREFI 
- VaoFs 


DIGITAL INPUTS (CS, ALE, CLK, AO-A2) 


Logic HIGH Threshold 
V,NH 
+2.4 
+2.0 
V 


Logic LOW Threshold 
V1NL 
+1.2 
+0.8 
V 


Input Leakage Current 
I'N 
V,N = OVor Voo 
0.01 
1 
IJA 


Input Capacitance 
C,N 
(Note 5) 
4 
5 
pF 
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ELECTRICAL CHARACTERISTICS 
(Continued) 


(Voo = +5V, VREF = -10V, TA = TMIN to TMAX, unless 
otherwise 
specified) 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN. 
TYP. 
MAX. 
UNITS 


DIGITAL OUTPUTS (STAT, DBO-DB7) 


Output HIGH Voltage 
VOH 
'SOURCE= 40"A 
4.5 
4.8 
V 


Output LOW Voltage 
VOL 
ISINK= 1.6mA 
0.2 
0.6 
V 


Floating State Leakage 
ILKG 
DBO-DB7 
0.3 
10 
"A 
Floating State Capacitance 
DBO-DB7,VOUT= OVto Voo 
5 
10 
pF 


Output Code 
See Figure 5 
Unipolar Binary 
See Figure 7 
Complementary 
Binary 


See Figure 9 
Offset Binary 


POWER REQUIREMENTS 


Supply Voltage 
VDD 
+4.5 
+5.0 
+5.5 
V 


MAX161, AD7561 Static 
1- 
3 
5 
Supply Current 
100 
MAXl61 Dynamic (ICLK" 4.0MHz) 
3 
5 
mA 
AD7581 Dynamic (fCLK= 1.2MHz) 
3 
8 


Note 1. Typical offset temperature coefficient is ±25"woC 
for the MAX161 and ±150"woC 
for the AD7581. 


Note 2. Gain error is measured after offset calibration. 
Maximum full scale change for any channel from +25°C to TM1Nor TMAXis ±2LSBs. 
Note 3. Typical change in BOFSgain from +25°C to TMINor TMAXis ±2LSBs. 
Note 4. ReoFs/RA1Nmismatch causes transfer function rotation about positive full scale. The effect is an offset and a gain term when using the 
circuits of Figure 7 and 9. 
Note 5. Guaranteed but not 100%tested. 


PARAMETER 
SYMBOL 
MIN 
TYP 
MAX 
UNITS 


ALE Pulse Width 
tH 
50 
35 
n. 


Addre •• Valid to Latch Set-Up Time 
tALI 
45 
30 
AI 


Addre •• Valid to Letch Hold TIme 
tALH 
10 
0 
n. 


Addre •• Latch to CS Set-Up Time 
tLC' 
10 
0 
n. 


CS to Output Propagation 
Delay 
tACC 
125 
200 
n. 


CS Putse Width 
tcw 
250 
175 
n. 


CS to Output Float Propagallon 
Delay 
tel' 
30 
SO 
n. 


CS to Low Impedance 
Bu. 
teu 
70 
100 
n. 


Clock Frequency (Note 6) 
ICLK 
6 
4.0 
MHz 


PARAMETER 
SYMBOL 
MIN 
TYP 
MAX 
UNITS 


ALE Pulse Width 
tH 
80 
50 
ns 


Address Valid to Latch Set-Up Time 
tALS 
70 
45 
ns 


Address Valid to Latch Hold Time 
tALH 
20 
10 
ns 


Address Latch to CS Set-Up Time 
tLCS 
20 
10 
os 


CS to Output 
Propagation 
Delay 
tACC 
200 
250 
ns 


CS Pulse Width 
tcw 
280 
250 
ns 


CS to Output Float Propagation 
Delay 
tCF 
50 
60 
ns 


CS to Low Impedance 
Bus 
tCLZ 
100 
150 
ns 


Clock Frequency (Note 6) 
fCLK 
1.6 
1.2 
MHz 


•• 
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Data Acquisition 
System 
_______ 
Detailed Description 


Ba./c Operation 


The MAX161 and AD7581 sequentially convert analog 
signals on 8 input channels 
into separate 8-bit data 
words. 
The data is continually 
updated 
in on-Chip 
RAM, with each channel's conversion 
result assigned 
to a separate RAM address. Consequently, 
the con- 
version 
process 
is user transparent 
in that output 
data is read directly 
from RAM. The device can run 
directly 
from 
a microprocessor 
clock 
(6800 type 
systems) or control signal (ALE in 8085 type systems). 
A functional 
diagram 
of the MAX161 and AD7581 is 
shown on the front page. 


A/D Conver.lon 


Internally, 
the conversion 
process is divided 
into 10 
phases, each 8 clock periods long. In the first phase, 
the input multip-Iexer is decremented 
and the control 
logic 
is reset. STAT (pin 
12) goes low for 8 clock 
cycles 
at the beginning 
of this 
period. 
(STAT also 
goes 
low 
for 
72 clock 
periods 
after 
channel 
1 is 
converted). 
The successive approximation 
A/D con-. 


version then takes place during 
phases 2 through 
9. 
Finally, data is loaded into RAM during phase 10. 


A single 
channel 
conversion 
takes 80 input 
clock 
periods while a complete 
scan through 
all channels 
requires 
640 clock 
periods. 
Internal 
start-up 
logic 
initializes 
the 
converter 
within 
800 clock 
periods 
after power is applied. 
-- 
Digitallnterface 


Channel Selection 


Table 1 shows the truth table for channel selection. 
RAM locations 
are addressed by AO-A2. In systems 
with a multiplexed 
address/data 
bus, the address is 
latched by ALE (pin 16). Alternatively, 
when address 
and data busses are separate, the address 
latches 
can be made transparent 
by tying ALE HIGH. 


Table 1: 
Channel Selection Truth Table 


A2 
A1 
AO 
ALE 
CHANNEL 
DATA 
TO BE READ 


0 
0 
0 
1 
Channel 0 
0 
0 
1 
1 
Channel 1 
0 
1 
0 
1 
Channel 2 
0 
1 
1 
1 
Channel 3 
1 
0 
0 
1 
Channel 4 
1 
0 
1 
1 
Channel 5 
1 
1 
0 
1 
Channel 6 
1 
1 
1 
1 
Channel 7 


Timing And Control 


Control timing for t~MAX161 
and AD7581 is shown 
in Figure 1. When CS (pin 13) is HIGH, the three- 


state data drivers are in their high impedance 
state. 


The drivers switch to the active state when CS goes 
LOW. Output data is valid after time tACC' 


SWITCHING 
TERMINOLOGY 


tH: 
ALE pulse width requirement. 


tALH: Address Valid to latch hold time. 
tALS: Address Valid to latch set-up time. 
tLCS: Address latch to Chip Select set-up time. 
tcw: 
Chip Select pulse width requirement. 


tACC: Chip Select to valid data propagation 
delay. 
tCF: 
Chip Select to output data float propagation 
delay. 


tCLZ: Chip Select to low impedance 
data bus. 


Data Read Operation 


The 
MAX161 and AD7581 
continuously 
scan 
and 
convert 
analog 
input signals without 
regard to the 
channel being selected for data output. The on-chip 
RAM and contention 
logic 
allow 
data to 
be read 
asynchronously 
with respect to the conversion 
pro- 


cess. The output 
data (RAM contents) 
is simply the 
most recent conversion result for the selected channel. 


Automatic 
Interleaved 
DMA is provided 
by internal 
logic 
to ensure that 
memory 
updates 
do not take 
place when 
the 
memory 
is being 
addressed 
by a 
microprocessor. 
RAM is normally updated on a rising 
clock 
edge, 
6 clock 
periods 
prior 
to 
STAT going 
LOW, provided 
CS is HIGH 
(I.e. data is not being 
read). If CS is LOW (read operation 
in progress), 


then 
the 
memory 
update 
is delayed 
by 
3 clock 
periods. 
By delaying 
the 
update, 
data w..l!Lnot be 
written in RAM during a READ as long as CS is kept 
shorter 
than 
3 clock 
periods. 
The 
possibility 
of a 
"contention" 
error 
wit.!:l.-an asynchronous 
READ 
is 
therefore eliminated if CS is less than 3 clock periods 
long. 
Although 
asynchronous 
reading 
errors 
are 
eliminiated 
with 
this feature, 
it in no way restricts 
compatibility 
with other manufacturers' 
AD7581s. 


Channel Identification 


In some real-time 
applications, 
it may be necessary 
to 


provide 
an interrupt 
signal when a particular 
channel 


receives 
updated 
data. To do this, the channel 
that is 


currently 
converting 
must 
be identified. 
STAT 
pro- 


vides 
an 
identifying 
signal 
by 
staying 
low 
for 
an 


extended 
time (72 vs. 8 clock 
periods) 
when channel 


o is active 
(see Figure 
2). Note that 
input 
channels 


are scanned 
in reverse order, 
Le. AIN7,6 ... 1,O. 


A 
simple 
circuit 
for 
channel 
identification 
using 


STAT 
is shown 
in Figure 
3. The time constant. 
RC. 
is chosen 
such 
that 
X2 ignores 
the 
short 
STAT 


pulses 
but responds 
to the wider 
(72 clock 
periods) 


pulse 
width 
occuring 
during 
channel 
0 conversion. 


With 
a 1J.ls clock 
period, 
use 0.022J.lF for 
C and 


1.8kD for R. An alternate 
means of channel 
identifi- 


cation 
uses the microprocessor 
to periodically 
inter- 


rogate 
the STAT 
output. 
A simple 
routine 
is shown 


in Figure 4. 
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------- 
Operating Circuit. 


For the following 
circuits, 
the offset 
and gain adjust- 


ments 
shown 
in Figures 
5, 7 and 
9 are often 
not 


needed 
(Th4!! offset 
and 
gain 
error 
of the 
MAX161C 


are 1LSB and 2LSB 
respectively). 
In those 
cases, A 1 


and 
R1-R12 
can 
be omitted. 
Note 
that 
in all cases 


where 
full scale 
is adjusted, 
offset 
must 
be trimmed 


first. 


Unipolar Sinary Operation 


Figures 
5 and 6 show the analog 
circuit 
connections 


and the resulting 
transfer 
characteristic 
for basic uni- 


polar operation 
(0 to +10V input). 
A -10V reference 
is 


connected 
to pin 10 through 
resistor 
R9 and a clock 


is connected 
to pin 15. Calibration 
is as follows: 


Off.et 


Offset 
(zero error) 
is trimmed 
using the bipolar 
offset 


pin, BOFS. Resistors 
R10-R12 
form 
a voltage 
divider 


buffered 
by A 1 which 
drives 
BOFS. AO-A2 are taken 


LOW 
and 
latched 
using 
ALE 
so that 
channel 
0 is 


continuously 
monitored. 
With 
AINO 
= +19.5mV 
(Le. 


1/2 LSB for 10V full scale) adjust 
R11 until 
DB7-DB1 


are 
LOW 
and 
DBO(LSB) 
flickers. 
The 
offset 
of 
all 


channels 
is identical 
so one adjustment 
takes care of 


all eight inputs. 


Full Scale 


Apply +9.941V (F.S.-3/2LSB) 
to all inputs (AINQ-AIN7), 


then select 
one channel 
using 
AO-A2, and latch 
the 


address with ALE. Adjust 
trimmer 
RN of the selected 


input 
so that 
DB7-DB1 
are 
HIGH 
and 
DBO (LSB) 


flickers. 
Repeat for other channels. 


•• 
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RIO 
27kO 
+5V 
-IOY 
80FS 
VOO 28 +5V 
R11 
lOW 
RI2tn 


AIN7 


HZ2tn 


AIN6 
AIN6 
-15V 
I 
I 
I 
I 
.MAXI.M 
RI3 
I 
R82tO 
MAX161 
11tO 
AD7581 
AINO 
AINO 


10 
VREF 
R91tO 


AGNO 


ANALOG 
Al 
and 
Rl0-R12 
can 
be omitted, 
and 
GND 
BOFScan be tied to AGND if offset trim 
is not required. 
R1-R9 can be omitted if 
gain trim is not required. 


AIN8 


.MAXI.M 
MAX161 
AD7581 
AIND 


10 V", 


11 


AIN6 
I 
I 
I 
I 


I 
R8!tO 


AINO 


R10-R12 can be omitted, and BOFScan 
be tied to AGNO 
if offset trim is not 


required. R1-R9 can be omitted 
if gain 
trim 
is not 
required. 
R161Rl01R12: 
5kO. 


If R10-R12 are not used, make R16 = 5kfi. 


RI2 
RI4 
AIN6 
AIN6 
R13 
I 
I 
1.2kO 
56W 
2OkO 
I 
I 
.M.••• 
JXINI 


-15V 
I 
RalkO 


MAX161 


RI8 
AD7581 
10 
AIND 
AIND 


kO 
10 
VREF 
R91kO 
o.D1~F 
11 


R10-R12 can be omitted, and BOFScan 
be tied to AGND 
if offset trim is not 
required. R1-R9 can be omitted if gain 
trim 
is not 
required. 
R161Rl0lR12 
:6.SkO. 


If Rl0-R12 
are 
not 
used, 
make 
R16: 
6.SkO. 


OUTPUT 
FUll SCALE 
CODE 
TRANSITION 


:::::::~1 
)- 


11l1l1Dlt 
I 
I 
/ 
::d r-I/ 
=~----++-+- 
o 
0.111 
0.92 
10.00 
0.04 
0.12 
9.111 


INPUTVOlTAGl VOLTS 
IREFERREO 
TOANALOGGROUND) 


OUTPUT 
FUll SCALE 
CODE 
TRANSITION 


:::::::~1 
)- 


11l1l1Dlt 
I 
I 
/ 
::d ,.II' 


=~----++-+- 
-10 
-8.12 
-alIIl 
0 
-0 
-IJI 
-1lO4 


1סס oo100 


11IlIXI011 
11IlIXI01D 
1000ooo1 


lOOIIlIXIO 


01111111 
01111110 
01111101 


01111100 


01111011 


-1110 
-lIO 
+80 
+1110 


INPUTVOLTAGE.MilLIVOLTS 


{REFERREDTO ANALOGGROUND) 


Unipolar 
(Compllmantary 
Binary) Operation 


Figures 
7 and 8 show the analog 
circuit 
connections 
and typical 
transfer 
characteristic 
for unipolar 
(0 to 
-10V input) 
complementary 
binary operation. 
Calibra- 
tion is as follows: 


Offset 


AO-A2 
are 
taken 
LOW 
and 
latched 
using 
ALE, 
activating 
channel 
O. The 
offset 
voltage 
is identical 
for 
all channels 
so 
only 
one 
trim 
is needed. 
With 
AINO = -9.98V 
(i.e. -F.S.+1/2LSB), 
adjust 
R11 so that 
DB7-DB1 
are LOW and DBO (LSB) flickers. 


Full Scale 


Apply -58.6mV 
(3/2 LSB) to all channels 
(AINO-AIN7) 
and 
select 
the 
required 
channel 
using 
AO-A2 
and 
latch the address with ALE. Adjust 
trimmer 
RN of the 
selected 
channel 
until 
DB7-DB1 
are HIGH 
and the 
DBO (LSB) flickers. 
Repeat for other channels. 


Bipolar (Ollset Binary) Operation 


Figures 9 and 10 show the analog 
circuit 
connections 
and 
typical 
transfer 
characteristic 
for 
±5V 
bipolar 
operation. 
Calibration 
is as follows: 


Offset 


AD-A2 are taken 
LOW and latched 
using ALE, selec- 


ting 
channel 
O. The 
offset 
error 
is identical 
for 
all 
channels 
so only 
one trim 
is needed. 
With 
AINO = 
-4.980V 
(i.e. 
-F.S.+1/2LSB), 
adjust 
R11 so 
that 
DB1-DB7 
are LOW and DBO (LSB) flickers. 


Full Scale 


Apply 
+4.941V (+F.S.-3/2LSB) 
to all channels 
(AI NO- 
AIN7) 
and select 
the required 
channel 
using 
AO-A2 
and latch the address with ALE. Adjust 
trimmer 
RN of 
the selected 
channel 
until 
DB1-DB7 
are HIGH 
and 
DBO 
(LSB) 
flickers. 
Apply 
-19.5mV 
to 
each 
gain 
trimmed 
channel. 
If the output 
code does not flicker 
between 
01111111and 1סס oo00, repeat the calibration 
procedure. 


------- 
Application 
Hints 


Analog and Digital Ground 


AGND 
and 
DGND 
should 
be connected 
together 
at 
the device to prevent the possibility 
of injecting 
noise 
into the NO converter. 
In systems 
where 
the AGND- 
DGND 
connection 
is not local, connect 
clamp diodes 


(1N914 or equivalent) 
between 
the AGND 
and DGND 
pins. 


CMOS B-Bit B-Channel 
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VDD 
(pin 28) should 
be bypassed 
to AGND 
using 
a 
10J.LFelectrolytic 
and 0.1 J.LFceramic 
capacitor. 
Lead 
lengths should 
be kept as short as possible. 


Logic Deglltchlng 
In /olP Applications 


Unspecified 
states on the address bus (due to different 
rise and fall times) 
can cause glitches 
at the CS pin, 
initiating 
unwanted 
reads. 
These 
glitches 
can 
be 
avoided 
by gating 
the address 
decoding 
logic 
with 
RD (8085A) 
or VMA 
(6800) as shown 
in Figures 
11 
and 12. 
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- 
Ordering Information (continued) 
CO 


~Q 


~•••• 
CD 
••••i 


PART 
TEMP. RANGE 
PACKAGE· 
ERROR 


AD7581JN 
QOCto +7QoC 
Plastic DIP 
1718 LSB 


AD7581KN 
QOCto +7QoC 
PlastIc DIP 
3/4 LSB 


AD7581LN 
QOCto +7QoC 
Plastic DIP 
1/2 LSB 


AD7581JCWI 
QOCto +7QoC 
Small Outline 
1718 LSB 


AD7581 KCWI 
QOCto +7QoC 
Small Outline 
3/4 LSB 


AD7581 LCWI 
QOCto +7QoC 
Small Outline 
1/2 LSB 


AD7581JC/D 
QOCto +7QoC 
Dice 
17/8LSB 


AD7581AD 
-25° C to +85° C 
Ceramic 
1718 LSB 


AD7581BD 
-25° C to +85° C 
Ceramic 
3/4 LSB 


AD7581CD 
-25°C to +85°C 
Ceramic 
1/2 LSB 


AD7581AQ 
-25°C to +85°C 
CERDIP" 
1 7/8 LSB 


AD7581BQ 
-25°C to +85°C 
CERDlp·· 
3/4 LSB 


AD7581CQ 
-25°C to +85°C 
CERDlp·· 
1/2 LSB 


AD7581SQ 
-55°C to +125°C 
CERDlp·· 
1718 LSB 


AD7581TQ 
-55°C to +125°C 
CERDlp·· 
3/4 LSB 


AD7581UQ 
-55°C to +125°C 
CERDlp·· 
1/2 LSB 


• All devices - 
28 iead packages 


•• Maxim reserves the right to ship Ceramic Packages in lieu of 
CERDIP Packages. 
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Complete High-Speed CMOS 12-8it ADC 


_______ 
Geners' Description 


The MAX162 and AD7572 are complete 
12-Bit analog- 


to-digital 
converters 
(ADC's) that combine high speed, 
low 
power 
consumption, 
and 
an 
on-chip 
voltage 


reference. 
The conversion 
times 
are 3jJs 
(MAX162) 


and 5 and 12jJs (AD7572). The buried zener reference 
provides 
low drift and low noise performance. 


External component 
requirements 
are limited to only 
decoupling 
capacitors 
for 
the 
power 
supply 
and 


reference 
voltages. 
On-chip 
clock 
circuitry 
is also 


included 
which can either be driven from an external 
source, 
or in stand-alone 
applications, 
can be used 


with a crystal. 


The MAX162/AD7572 
uses a standard microprocessor 


interface 
architectur~ 
Three-state 
data Qillputs 
are 


controlled 
by Read (RD) and Chip Select (CS) inputs. 
Data access and bus release times of 90 and 75ns 
respectively 
ensure 
compatibility 
with 
most popular 
microprocessors 
without 
resorting 
to wait states. 


__________ 
Applicstions 


Digital 
Signal Processing 
(DSP) 


High Accuracy 
Process Control 


High Speed Data Acquisition 


Electro-Mechanical 
Systems 


22 BUSY 


21 EI 


ZOiiij 


19 
HBEN 


• 
12-81t Resolution and Linearity 


• 
3JlS (MAX162), 
5JlSand 12jJS(AD7572) 
Conversion 
Times 


• 
No missing Codes 


• 
On-Chip 
Voltage Reference 


• 
90ns Access Time 


• 
215mW Max Power Consumption 


• 
24-Lead 
Narrow 
DIP Package 


PART 
TEMP. RANGE 
PACKAGE' 
ERROR 


3/'s CONVERSION 
TIME 


MAX162ACNG 
Q'C to +7Q'C 
Plastic DIP 
±'h LSB 


MAX162BCNG 
Q'C to +7Q'C 
Plastic DIP 
±1 LSB 


MAX162CCNG 
Q'C to +7Q'C 
Plastic DIP 
±1 LSB 


MAX162ACWG 
Q'C to +7Q'C 
Wide S.D. 
±'h LSB 


MAX162BCWG 
Q'C to +7Q'C 
Wide S.O. 
±1 LSB 


MAX162CCWG 
Q'C to +7Q'C 
Wide S.O. 
±1 LSB 


MAX162CC/D 
Q'C to +7Q'C 
Dice" 
±1 LSB 


MAX162AING 
-25'C 
to +85'C 
Plastic DIP 
±'h LSB 


MAX162BING 
-25'C 
to +85'C 
Plastic DIP 
±1 LSB 


MAX162CING 
-25'C 
to +85'C 
Plastic DIP 
±1 LSB 


MAX162AMRG 
-55' C to +125' C 
CERDIP 
±'h LSB 


MAX162BMRG 
-55'C 
to +125'C 
CERDIP 
±1 LSB 


MAX162CMRG 
-55' C to +125' C 
CERDIP 
±1 LSB 


• 
All 
devices 
- 
24 lead 
packages 


.... Consult 
factory 
for dice specifications 
Ordering 
Information 
continued 
on Jast page. 


Complete High-Speed CMOS 12-8it ADC 


Voo to DGND 
-0.3V to +7V 


Vss to DGND 
+0.3V to -17V 


AGND 
to DGND 
-0.3V, Voo + 0.3V 


AIN to AGND 
-15V to +15V 


Digital 
Input 
Voltage 
to DGND 
-0.3V, Voo + 0.3V 


(Pins 17, 19-21) 
Digital 
Output 
Voltage 
to DGND 
-0.3V, Voo + 0.3V 


(pins 4-11, 13-16, 18, 22) 


Operating 
Temperature 
Ranges 
MAX162XC, 
AD7572JN, 
KN, LN, 
JCWG, 
KCWG, 
LCWG 
O°C to +70°C 


MAX162XI, 
AD7572AO, 
BO, CO 
-25°C 
to +85°C 


MAX162XM, 
AD7572S0, 
TO, UO 
-55°C 
to +125°C 


Storage 
Temperature 
Range 
-65°C 
to +160°C 


Power 
Dissipation 
(any Package) 
to +75°C 
1000mW 


Derates Above 
+75°C 
by 
10mW/oC 


Lead Temperature 
(Soldering 
10 seconds) 
+300°C 


Stresses 
above 
those 
listed 
under 
''Absolute 
Maximum 
Ratings" 
may cause 
permanent 
damage 
to the device. 
These 
are stress rstings 
only, and 
functional 
operation 
of the device 
at these or any other 
conditions 
above 
those indicated 
in the operational 
sections 
of the specifications 
is not 


implied. 
Exposure 
to absolute 
maximum 
ratings 
conditions 
for extended 
periods 
may affect 
device 
reliability. 


ELECTRICAL 
CHARACTERISTICS 


(Voo = +5V ± 5%, Vss = -15V ± 5%; Slow 
Memory 
Mode; TA = T MIN to T MAX unless otherwise 
noted. 
fCLK 
= 4MHz for MAX162, 2.5MHz 
for AD7572XX05 
and 1MHz for AD7572XX12) 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


ACCURACY 


Resolution 
12 
Bits 


Integral 
Non-Linearity 
INL 
MAX162A, AD7572UC/U 
±1/2 
LSB 
MAX162B/C, 
AD7572K/BITIJ/NS 
±1 


Differential 
Non-Linearity 
DNL 
Guaranteed 
Monotonic 
Over Temp. 
±1 
LSB 


MAX162C, 
TA = 25°C 
±4 
AD7572J/A/S 
TA = TMIN to TMAX 
±8 


Offset 
Error (Note 
1) 
MAX162B, 
TA = 25°C 
±3 
LSB 
AD7572K/BIT 
TA = TMIN to TMAX 
±6 


MAX162A, 
TA = 25°C 
±2 


AD7572L/C/U 
TA = TMIN to TMAX 
±4 


MAX162C, 
TA = 25°C 
±15 
AD7572J/NS 


Full Scale Error (Note 2) 
MAX162B, 
TA = 25°C 
±10 
LSB 
AD7572K/BIT 


MAX162A, 
TA = 25°C 
±10 
AD7572UC/U 


Full SCale Tempco (Notes 3, 4) 
MAX162C, AD7572J/NS 
±45 
ppm/oC 
MAX162B/A, 
AD7572K/BIT, 
AD7572UC/U 
±25 


ANALOG 
INPUT 


Input Voltage Range 
For Bipolar 
Input see Figures 
19-21 
0 
5 
V 


Input Current 
AIN 
= OV to +5V 
3.5 
mA 


INTERNAL 
REFERENCE 


VREF Output 
Voltage 
TA = 25°C 
-5.2 
-5.25 
-5.3 
V 


VREF Output 
Tempco 
(Note 5) 
MAX162C, AD7572J/A/S 
40 
ppm/oC 
MAX162B/A, 
AD7572K/BIT, 
AD7572L/C/U 
20 


Output 
Current 
Sink Capability 
(Note 6) 
500 
IJA 


POWER 
SUPPLY 
REJECTION 


Voo Only 
FS Change, Vss = -15V, Voo = 4.75V to 5.25V 
±112 
LSB 


FS Change, 
Voo = 5V 


Vss Only 
MAX162/AD7572 
Vss = -14.25V to -15.75V 
±1/8 
LSB 
MAX162 
Vss = -11.4V to -12.6V 
±1/8 
LSB 


Complete High-Speed'CMOS 12-8it ADC 


ELECTRICAL 
CHARACTERISTICS 
(Continued) 


(Voo 
= +5V ± 5%, Vss = -15V 
± 5%; Slow 
MemDry 
MDde; TA = T MIN tD T MAX unless 
Dtherwise 
nDted. 


fClK 
= 4MHz 
fDr MAX162, 
2.5MHz 
fDr A07572XX05 
and 
1MHz 
fDr A07572XX12) 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


LOGIC 
INPUTS 


Input 
LDw VDltage 
V,l 
CS, AD, HBEN, 
CLKIN 
0.8 
V 


Input 
High 
VDltage 
V,H 
CS, AD, HBEN, 
CLKIN 
2.4 
V 


Input 
Capacitance 
(NDte 7) 
C'N 
CS, AD, HBEN, 
CLKIN 
10 
pF 


Input 
Current 
I'N 


CS, AD, HBEN 
I 
VIN 
= 0 tD Voo 


±10 
pA 
CLKIN 
±20 


LOGIC 
OUTPUTS 


Output 
LDw VDltage 
VDl 
011-00/8, 
BUSY, CLKOUT 
'SINK = 1.6mA 
0.4 
V 


Output 
High 
VDltage 
VDH 
011-00/8, 
BUSY, CLKOUT 
ISDURCE= 200pA 
4 
V 


FIDating 
State 
Leakage 
IlKG 
011-00/8, 
VDUT = OV tD Voo 
±10 
pA 
Current 


FIDating 
State Output 
CDUT 
15 
pF 
Capacitance 
(NDte 7) 


CONVERSION 
TIME 


SynchrDnDus 
3.25 


MAX162 
tCONV 
fClK 
= 4MHz 
(13 clock 
cycles) 
ps 
AsynchrDnous 
3.0 
3.25 
(12 to 13 clock 
cycles) 


Synchronous 
5 
A07572XX05 
tCONV 
fClK 
= 2.5MHz 
(12.5 clock 
cycles) 
ps 
AsynchrDnous 
4.8 
5.2 
(12 to 13 clock 
cycles) 


Synchronous 
12.5 


A07572XX12 
tCONV 
fClK 
= 
1MHz 
(12.5 clock 
cycles) 


J1S 
Asynchronous 
12 
13 
(12 to 13 clock 
cycles) 


POWER 
REQUIREMENTS 


Voo 
±5'10 for Specified 
Performance 
4.75 
5 
5.25 
V 


Vss (Note 
8) 
±5'10 
MAX162 
-12 or -15 
V 
±5'10 
A07572 
-15 


100 
CS = AD = Voo, AIN 
= 5V 
5 
7 
mA 


Iss 
CS = AD = Voo' AIN 
= 5V 
8 
12 
mA 


Power 
Dissipation 
Voo = +5V, Vss = -15V 
145 
215 
mW 


Note 1: 
Note 2: 
Note 3: 
Note 4: 
Note 5: 
Note 6: 
Note 7: 
Note 8: 


Typical 
change 
over 
temp 
is ±1 
LSB 
Voo = +5V, Vss = -15V, 
FS = +5.000V, 
Ideal 
last code 
transition 
= FS - 312LSB 
Full Scale 
TC 
= ll.FS/ll.T, 
where 
ll.FS 
is full 
scale 
change 
from 
TA = 25°C 
to TMIN or TMAX' 


Includes 
internal 
reference 
drift. 


VREFTC = ll.VREF/ll.T, where 
ll.VREF is reference 
voltage 
change 
from 
TA = 25°C 
to TMIN or TMAX' 


Output 
current 
should 
not change 
during 
conversion. 


Guaranteed 
by design, 
nDt subject 
tD test. 


Vss = -12V ±5'10 for the MAX162 
Dnly. Functional 
Dperation 
is guaranteed 
by testing 
offset 
error 
and full 
scale error. 


Complete High-Speed CMOS 12-8it ADC 


TIMING 
CHARACTERISTICS 
(Note 9) 


(Voo ; +5V, Vss ; -15V; TA 
; 
T MIN 
to T MAX 
unless otherwise 
noted.) 


MAX162C/I 
MAX162M 
TA 
; 
25°C 
A D7572J/K/L 
PARAMETER 
SYMBOL 
CONDITIONS 
AD7572A1B/C 
AD7572S/T/U 
UNITS 


MIN 
TYP 
MAX 
MIN 
MAX 
MIN 
MAX 


CS to RD Setup Time 
t, 
0 
0 
0 
ns 


RD to BUSY Delay 
t2 
CL 
; 50pF 
90 
190 
230 
270 
ns 


Data Access Time (Note 10) 
t3 


CL; 
20pF 
60 
90 
110 
120 
CL; 
100pF 
70 
125 
150 
170 
ns 


RD Pulse Width 
t, 
t3 
t3 
t3 


CS to RD Hold Time 
t5 
0 
0 
0 
ns 


Data Setup Time After BUSY 
t6 
70 
90 
100 
ns 
Note (10) 


Bus Relinquish 
Time (Note 11) 
t, 
20 
75 
20 
65 
20 
90 
ns 


HBEN to RD Setup Time 
t6 
0 
0 
0 
ns 


HBEN to RD Hold Time 
Ig 
0 
0 
0 
ns 


Delay Between Read Operations 
tlO 
200 
200 
200 
ns 


Note 9: 
Timing 
specifications 
are sample tested at 25°C to ensure compliance. 
All input control 
signals 
are specified 
with 


t, ; tf 
; 
5ns (10% to 90% of +5V) and timed 
from a voltage 
level of +1.6V. 


Note 10: 
t3 and t6 are measured 
with the load circuits 
of Figure 
1 and defined 
as the time required 
for an output 
to cross 


0.6V or 2.4V. 


Note 11: 
t, is defined 
as the time required 
for the data lines to change 
0.5V when 
loaded 
with the circuits 
of Figure 
2. 


OBH~ 


3kO1..... 
ICL 


':" 
OGHO 
':" 


5V 
f 
3kO 


OBH~ 


CLIGHO 


OBH~ 


3kO1 .....I10pF 


':" 
OGHO 
':" 


5V 
t 3kO 


OBH~ 


IIOPF 


':" 
OGHO 


Complete High-Speed CMOS 12-8it ADC 


PIN 
NAME 
FUNCTION 


1 
AIN 
Analog 
Input. 0 to +5V unipolar 
input 


2 
VREF 
-5.25V Reference Output 


3 
AGNO 
Analog 
Ground 


4-11 
011-04 
Three-State 
Data Outputs 


12 
OGNO 
Digital Ground 


13-16 
03/11-00/8 
Three-State 
Data Outputs 


17 
CLKIN 
Clock 
Input. An external TTUCMOS 
compatible 
clock may be applied to 
this pin or a crystal can be connected 
between CLKIN and CLKOUT. 


18 
CLKOUT 
Clock Output. 
An inverted CLKIN 
signal appears at this pin. 


PIN 
NAME 
FUNCTION 


19 
HBEN 
High Byte Enable Input. This pin is 
used to multiplex 
the internal 
12-bit 
conversion 
result into the lower bit 
outputs 
(07-00/8). 
HBEN also disables 
conversion 
starts when HIGH. 
- 
READ Input. This active low signal 
20 
RO 
starts a conversion 
when CS and 
HBEN are low. RO also enables the 
output 
drivers when CS is low. 


21 
CS 
The CHIP SELECT Input must be low 
for the AOC to recognize 
RO and 
HBEN inputs. 


22 
BUSY 
Tile BUSY Output 
is low when a 
conversion 
is in progress. 


23 
Vss 
Negative Supply, -15V for A07572 
and 
-15V or -12V for MAX162. 


24 
Voo 
Positive Supply. +5V. 


Pin 4 
Pin 5 
Pin 6 
Pin 7 
Pin 8 
Pin 9 
Pin 10 
Pin 11 
Pin 13 
Pin 14 
Pin 15 
Pin 16 


MNEMONIC· 
011 
010 
09 
08 
07 
06 
05 
04 
03/11 
02/10 
0119 
00/8 


HBEN 
= LOW 
OB11 
OB10 
OB9 
OBB 
OB7 
OB6 
OB5 
OB4 
OB3 
OB2 
OB1 
OBO 


HBEN 
= HIGH 
OB11 
OB10 
OB9 
OB8 
LOW 
LOW 
LOW 
LOW 
OB11 
OB10 
OB9 
OB8 


Note: 
011 
.. 
00/8 
are the AOC 
data output 
pins. 
OB11 
.. 
OBO are the 12-bit 
conversion 
results, 
OB11 is the MSB. 


o TO ·SV 
ANALOG 


INPUT 


-S.Z5VI 
Vm 
OUTPUT 
O.1,uf 


_AXI_ 
MAXT62 
AD7572 


NOTES, 
MAX162-4MHz 
CRTSTAUCERAMIC 
RESONATOR. 


A07S7211OS-Z.SMHz 
CRTSnL/CERAMIC 
RESONATOR. 


A07S72111Z-1.OMHz 
CRTSTAlICERAMIC 
RESONATOR. 


Cl 
AND 
CZ 
CAI'N:ITANCE 
VALUES 
DEPEND 
ON 
CRTSnL/CERAMIC 


RESONATOR 
MANUFACTURER. 
TYPICAL 
VALUES 
ARE 
FROM 
0 TU lOOpF. 


The MAX162 and AD7572 use a successive 
approxi- 
mation technique 
to convert an unknown 
analog input 


to a 12 bit digital 
output 
code. 
The 
control 
logic 
provides 
easy 
interface 
to 
most 
microprocessors. 


Most applications 
require only a few external 
passive 
components 
to perform the analog-to-digital 
function. 


Figure 
3 shows 
the MAX162/AD7572 
in its simplest 
operational 
configuration. 


Figure 4 shows the MAX162/AD7572 
analog equivalent 


circuit. 
The internal voltage output 
DAC is controlled 
by a successive 
approximation 
register 
(SAR) 
and 
has an output 
impedance 
of 2.5kO. The analog input 


is connected 
to the DAC output with a 2.5kO resistor. 


The comparator 
is essentially a zero crossing 
detector 
and its output 
is fed back to the SAR input. 


Conversion 
start is controlled 
by the CS, RD and HBEN 


.dlgital iOQ!.!ts.A conversion starts at the falling edge of 
CS and RD while HBEN ~Once 
started, conversion 
cannot be stopped. The ~output 
goes low as soon 
as the conversion 
starts. BUSY may be used to control 
an external 
sample-and-hold 
when 
wide 
bandwidth 
input signals are being measured. 


•• 


Complete High-Speed CMOS 12-8it ADC 


~ 
II) 
AIN 
2.5lcn 
~ 
Q 
1~-25knl 


~ 


I 
. 


I 
I 
= 


IL 
,.. 
)( 
hlAXlhl 
; 


MAX162 
AD7572 


Figure 
4. MAX162/AD7572 
Analog 
Equivalent 
Circuit 


The SAR is set to half scale as soon as the CS and 
RD inputs go low. This reset is asynchronous 
with the 


clock 
input. The analog 
input 
is then compared 
to 
one half of the full scale voltage. About 30ns after the 
second 
falling 
edge 
of 
CLKIN 
(or 
rising 
edge 
of 
CLKOUT), 
the output 
of the comparator 
is latched 


into the SAR MSB bit (see Figure 5). The bit is kept if 
the analog input is greater than half scale, or dropped 
if it is smaller. The next bit (bit 11) is then set with the 
DAC output 
either 
at 
1/4 scale 
(if the 
MSB 
was 
dropped) 
or 3/4 scale (if the MSB was kept). The 


conversion 
continues 
in this manner until the L.S.6J..s 


tried. 
Following 
a falling 
CLKIN 
signal, 
the 
BUSY 
output 
goes high and the SAR result is latched into 
the three-state 
output buffers. 


________ 
Clock Operation 


Clock Oscillator 


Figure 6 shows the MAX162/AD7572 clock 
circuitry. 


The capacitive 
load on the CLKOUT 
pin must 
be 


minimized 
for 
low 
power 
dissipation 
and to avoid 


digital coupling of the CLKOUT buffer currents to the 
comparator. 
If an external clock source is being used 


to drive CLKIN, 
CLKOUT 
should 
be left open. The 


external clock source must have a 50% duty cycle. If 
the internal oscillator 
is being used, a crystal/ceramic 


resonator 
should 
be connected 
between 
CLKOUT 


and CLKIN as shown in Figure 6. 


~ 
~ 


MAX162 
AD7572 


CLOCK 


NOTES: 
MAXI62-4MHz 
CRYSTAL/CERAMIC 
RESONATOR. 


A07572XX05-2.5MHz 
CRYSTAl/CERAMIC 
RESONATOR. 


A07572XXI2-1.0MHz 
CRYSTAL/CERAMIC 
RESONATOR. 
Cl 
AND C2 CAPACITANCE VALUES DEPEND ON CRYSTAL/CERAMIC 
RESONATOR MANUFACTuRER. 
TYPICAL VALUES ARE FROM 0 TO IOOpF. 


7 -ss 


- 
ss 


BUSY \___________ 
/ 
. 
SS--------· 


t 
OBll 
IMSBI 


Complete High-Speed CMOS 12-8it ADC 


Control Input Synchronization 


In applications 
where 
the 
RD control 
input 
is not 


synchronized 
with 
the 
ADC 
clock, 
the 
conversion 


time can vary from 
12 to 13 clock 
cycles. 
The SAR 


changes state on the falling edge of the CLKIN input 
(or rising 
edge 
on the CLKOUT 
pin). To ensure 
a 


fixed conversion 
time use the following 
guidelines 
for 


synchronization: 


MAX162 


For the MAX162 the RD input should 
go low at the 


falling 
edge of CLKIN. 
In this case the conversion 


lasts 13 clock cycles and the conversiQ.!Ltime is 3.25tJs 
when fClK = 4MHz. If the CLKIN and RD falling edges 
are skewed, the skew must not be more than 50ns to 
ensure the 13 period conversion 
time (See Figure 7). 
The MSB is tried 
at the second 
clock 
falling 
edge, 
leaving two clock cycles for the external sample-and- 
hold to settle from hold transients. 


AD7572 


The AD7572 RD input can go low at the rising edge 
of CLKIN. 
In this case the conversion 
lasts 12.5 clock 


cycles 
and the conversion 
time 
is 5tJs when fC.J.-K= 


2.5MHz and 12.5tJs ~n 
fC~K= 1MHz. The delay trom 


the falling 
edge of RD to the falling 
edge of CLKIN 


must not be less than 180ns to ensure the 12.5 clock 
cycle conversion 
time (See Figure 8). This leaves the 


external 
sample-and-hold 
1.5 clock 
cycles 
to settle 


from hold transients. An additional 
half clock cycle of 


settling 
can be alliLwed for driving 
the sample-and- 


hold 
by having 
RD go 
low 
at the 
falling 
edge 
of 


CLKIN, 
similar 
to 
the 
MAX162. 
This 
results 
in a 


13 cycle conversion 
time (5.2tJs when fClK = 2.5MHz, 


13tJs when fClK = 1MHz). 


t 
DBll 
IMSBI 


III 


c;omplere ,,'gn-speed 
CMOS 12-S;' ADC 


19 H8EN 


11 cs 


10iIi 


!NA8lE 
THREE·SnTE 
OUTPUTS 
011 
... 
DO/8 
:II: 0111 
... 
DBO 


ENABLE 
THREE·mn 
OUTPUTS 
011 
08 = 0811 ... 
088 


07 
04 = LOW 
03111 
00/8 = 0811 ... 
088 


________ 
Digital Interface 


Output Data Format 


The 12 output 
data bits can either be presented full 
parallel or in two 8 bit words. To obtain parallel output 
for 16 bit processors, 
HBEN should be kept low and 


the output data 011-00 will be right justified. 


For a two byte data read, outputs 
07-00/8 
are used. 


Byte selection is controlled by HBEN which multiplexes 
the data outputs. When HBEN is low, the lower 8 bits 
are presented at the data outputs. When HBEN is high, 
the upper 4 bits are presented with the leading 4 bits 
being low for 07-00/8. 


Note that the 4 MSB's always appear at digital outputs 
011-08 
whenever the digital 
drivers are enabled, 
re- 


gardless of the state of HBEN. 


Timing 
and 
Control 


Conversion 
start and data read operatiQill! 
are 
QQQ.- 


trolled 
by three 
digital 
inputs; 
HBEN, 
CS and RO. 


Figure 9 shows the logic equivalent for the conversion 
and data output 
control 
circuitry. 
A logic 
low is re- 


quired on all three inputs to start a conversion. 
Once 


a co~on 
is in progress, 
it cannot 
be re-started. 


The BUSY output 
is low during the entire conversion 


cycle. 


There are two modes of operation 
as outlined 
in the 


timing diagrams of Figures 10-13. Slow memory mode 
is intended 
for processors 
that can be forced 
into a 


WAIT state for periods as long as the MAX162/A07572 
conversion 
time. 
ROM mode 
is for processors 
that 


cannot be forced into a wait state. In both operational 
modes, 
a processor 
REAO 
operation 
to 
the 
AOC 


address 
starts the conversion. 
In the ROM mode, a 


second 
REAO operation 
is required 
to access 
the 


conversion 
result. 


--.~ 
J-----1l 
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HBEN 
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ES 
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~ 


ICONV 
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BUSY 
'CII 
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DATA 
OLD DATA 
OB7-0BO 


MAX162/A07572 
Data Outputs 
07 
06 
05 
04 
03/11 
02/10 
01/9 
00/8 


First 
Read 
DB7 
DB6 
DB5 
DB4 
DB3 
DB2 
DB1 
DBO 


Second 
Read 
LOW 
LOW 
LOW 
LOW 
DB11 
DB10 
DB9 
DB8 


MAX162/A07572 
Data Outputs 
011 
010 
09 
08 
07 
06 
05 
04 
03/11 
02/10 
01/9 
00/8 


First 
Read 
(Old 
Data) 
DB11 
DB10 
DB9 
DB8 
DB7 
DB6 
DB5 
DB4 
DB3 
DB2 
DB1 
DBO 


Second 
Read 
DB11 
DB10 
DB9 
DB8 
DB7 
DB6 
DB5 
DB4 
DB3 
DB2 
DB1 
DBO 


Complete High-Speed CMOS 12-8it ADC 


MAX162/A07572 
Oata Outputs 
07 
06 
05 
04 
03/11 
02/10 
01/9 
00/8 


First Read (Old Data) 
DB? 
DB6 
DB5 
DB4 
DB3 
DB2 
DBl 
DBO 


Second 
Read 
LOW 
LOW 
LOW 
LOW 
DBll 
DB10 
DB9 
DB8 


Third 
Read 
DB? 
DBp 
DB5 
DB4 
DB3 
DB2 
DBl 
DBO 


Slow Memory 
Mode, Parallel Read (HBEN 
= LOW) 


Figure 10 and Table 1 show the timing 
diagram and 


.dIDabUU1<ltus for Slow Memory Mode, Parallel ~ 
CS and RO going low starts the conversion and BUSY 
goes low indicating that the conversion is in progress. 
Data from 
the previous 
conversion 
appears 
~ 
digital 
outputs. 
At the end of the conversion, 
BUSY 
returns 
high and the output 
latches are updated to 
place the digital 
conversion 
result on data outputs 
011-00/8. 


Slow Memory 
Mode, 
1Wo Byte Read 


For a two byte read, only outputs 
07-00/8 
are used. 


Starting 
the conversion 
and reading the 8 LSS's is 
identical 
to the Slow Memory 
Mode, Parallel Read. 
See Figure 11 and Table 2. A second READ operation 
with 
HSEN high places the 4 MSS's with 4 leading 
zeros on the data outputs 
07-00/8. 
The high 
byte 
read does not start another conversion since HSEN is 
high. 


ROM Mode, Parallel Read (HBEN 
= LOW) 


The ROM mode avoids placing the processor 
into a 
wait state. A conversion 
is started with a READ oper- 
ation and the 12-bits of data from the previous con- 
version 
appears at the data outputs 
011-00/8 
(see 
Figure 12 and Table 3). This data may be disregarded 
if not needed. A second READ operation 
will access 
the results of the first operation 
and also start a new 
conversion. 
The 
delay 
between 
successive 
READ 
operations 
must be longer than the conversion 
time 
for the MAX162/A07572. 


ROM Mode, 
1Wo Byte Read 


As in the Slow Memory Mode, only data outputs 
07- 
00/8 
should 
be used for two byte reads. Figure 13 


and 
Table 4 show 
the 
operation 
in this 
mode. 
A 
conversion 
is started 
with 
a READ operation 
with 
HSEN low. The data outputs present the 8 LSS's from 
the previous 
conversion 
and this data can be dis- 
regarded if not required. Two more READ operations 
are needed to access the conversion 
result. The first 
READ must be with HSEN high, where the 4 MSS's 
with 4 leading zero's are accessed. The second READ 
is with 
HSEN low, which 
reads in the 8 LSS's and 
starts a new conversion. 


Complete High-Speed' CMOS 12-8it ADC 


Interlace Application Hints 


Digital Bus Noise 


If the data bus connected 
to the ADC is active during 


a conversion, 
LSBs of error 
can be caused due to 


coupling 
from the data pins to the ADC comparator. 


Using the Slow Memory Mode avoids this problem by 
placing the processor 
in a wait state during the con- 


version. In the ROM mode, if the data bus is going to 
be active during 
the conversion, 
the bus should 
be 


isolated from the ADC using three-state 
drivers. 


ROM Mode 


Consid.eLable--.dlgital noise is generated 
in the ~DC 


when RD or CS go high and the output 
data dnvers 


are disabled 
after a conversion 
is started. This noise 


will feed into the ADC comparator 
and cause large 


errors if it coincides 
with the time the SAR is latching 
fUiecisiollJ9 
keep or drop a bit. To avoid this problem, 
RD and CS should be activeJQr 
less t.!li!Il one clock 


cycle. 
In other 
words, 
the 
RD and 
CS low 
pulse 
should be shorter than 250ns for the MAX162, 400ns 
for the AD7572XX05 and ~ 
for the. AD7572XX12. If 
this cannot 
be done, the RD or CS signal 
must go 
high at a rising edge of CLKIN, since the comparator 
output 
is always latched at falling 
edges of CLKIN. 


______ 
A~mgC~m.n~~ 


Application Hints 


Physical Layout 


For best system performance 
printed 
circuit 
boards 
should 
be used for the MAX162/AD7572. Wire wrap 
boards are not recommended. The layout of the board 
should ensure that digital and analog signal lines are 
kept separated from each other as much as possible. 
Care should 
be taken not to run analog and digital 
lines parallel to each other or digital lines underneath 
the MAX162/AD7572 package. 


Grounding 


Figure 
14 shows the recommended 
system 
ground 
connections. 
A 
single 
point 
analog 
STAR ground 
should 
be 
established 
at 
pin 
3 
(AGND) 
of 
the 
MAX162/AD7572 separate from the logic ground. 
All 
other 
analog 
grounds 
and 
pin 
12 (DGND) 
of the 
MAX162/AD7572 should 
be connected 
to this STAR 
ground 
and no other digital 
grounds 
should 
be con- 


nected to this STAR point. The ground 
return to the 
power supply from this STAR ground 
should be low 
impedance 
for noise free operation 
of the ADC. 


Power Supply Bypassing 


The high speed comparator 
in the ADC is sensitive to 
high 
frequency 
noise 
in the 
Vgo 
and 
Vss power 
supplies. These supplies should 
e by-passed to the 
analog 
STAR ground 
with 
0.1pF and 10pF by-pass 
capacitors with minimum 
lead length !or supply .nolse 
rejection. 
If the +5V power 
supply 
IS very nOIsy, a 
small 
(10-20 ohms) 
resistor 
can 
be connected 
as 
shown in Figure 14 to filter external noise. 


Internal 
Reference 


The 
MAX162/AD7572 
has an internal 
buried 
zener 
reference which provides the DAC reference voltage. 
The reference voltage 
is -5.25V ±1 % and has a low 
temperature 
coefficient. 
The 
reference 
output 
is 
available at pin 2, and should be bypassed to l;Inal~g 
ground 
(pin 
3) with 
a 47pF tantalum 
capacitor 
In 
parallel 
with 
0.1pF capacitor 
to minimize 
noise and 
provide 
low 
impedance 
at 
high 
frequencies. 
This 
by-pass capacitor 
must not be less than 4.7pF. The 
internal reference output 
buffer can sink upto 500pA. 


Driving 
The Analog Input 


The input signal leads to AGND and AIN should be as 
short 
as possible 
to minimize 
noise pick-up. 
If the 
leads must be long use shielded 
cables to minimize 
noise pick-up. 


The input impedance at the AIN pin is typically 
2.5kn. 


The amplifier 
driving AIN must have low enough DC 
output 
impedance 
for 
low gain error. 
Furthermore, 


low AC output 
impedance 
is also required 
since the 
analog 
input 
current 
is modulated 
at the clock 
rate 
during 
a conversion 
(4MHz for MAX162 and 2.5 or 
1MHz for the AD7572). The output 
impedance 
of the 
driving 
amplifier 
is equal 
to 
its open 
loop 
output 
impedance divided by the loop gain at the frequency 
of interest. 


AD7572 
The AD7572 maximum clock rate of 2.5MHz 
makes it possible to drive it with amplifiers 
like the 
OP-42, AD711 or OP-27. At 1MHz clock rate a MAX400 
or OP-07 can also be used. 


MAX162 
The MAX162 with a maximum 
4MHz clock 
rate might 
cause settling 
problems 
with 
the above 
amplifiers. 
An LF356, LF400 or LT1056 can be used to 
drive the input. Alternatively, an emitter follower buffer 
inside the feedback loop of a OP-42, AD711 or OP-27 
can 
be 
used 
to 
improve 
high 
frequency 
output 
impedance. 


11 
24 
> 
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HOLO 12 
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CS 
}:".., 


13 
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HOLO 
RoZO 
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Vour 
B 
lAIN 
HBEN 19 


R2 
A 0585 , 
39kCl 
RI 
B2kCl 
-VIM 
2 
VREF 
12 
DGND 


h1AXIh1 
47pFy 


0.1I'F 
MAX162' 
A07572 


-=- 


AGNO 


GND 
-=- 


6 
-15V 


IOpFy 


0.1pF 


-=- 


MAX1621AD7572 
to Sample-and-Hold 
Interlace 


The analog input to the ADC must be stable to within 
1/2 LSB during the entire conversion 
for specified 
12 
bit accuracy. This limits the input signal bandwidth 
to 
less than 6Hz for sinusoidal 
inputs, even when using 
the faster 
MAX162. For higher 
bandwidth 
signals 
a 
sample-and-hold 
should 
be used. 


The BUSY output 
from the MAX162/AD7572 
may be 
used 
to 
provide 
the 
TRACK/HOLD 
signal 
to 
the 
sample-and-hold 
amplifier. 
However, since the ADC's 
DA~witched 
at approximately 
the same time as 
the BUSY signal goes low, the switching 
transients 
at 
the 
output 
of the 
sample-and-hold 
caused 
by the 
DAC switching 
may result in code dependent 
errors 
due to the aperture 
delay of the sample-and-hold. 
A 
NAND gate may be used to ensure that the sample- 
and-hold 
switches 
to the hold 
mode 
BEFORE any 
disturbances 
as shown in Figures 15 & 16. TlliLNAND 
gate solution 
woris§...gnly if the width of the RD pulse 
is wider than the RD to BUSY delay in the MAX162/ 
AD7572. If this is not the c~, 
use a flip flop which is 
set by the falling 
edge of RD and reset by the rising 
edge of BUSY. 


-15V 
4 
-Vs 


O.1I'Fy 


IOpF 


ANALOG 
INPUT 
-2.5V 
TO >2.5V 


For synchronous 
RD and CLKIN as described 
above, 


the 
hold 
settling 
time 
allowed 
for the sample-and- 


hold 
is 500ns, 
600ns 
and 
1.5Jls 
for 
the 
MAX162, 


AD7572XX05 and AD7572XX12 respectively. 


To achieve the maximum 
sampling 
rate, the MAX162/ 


AD7572 data must be read within the time allowed for 
the sample-and-hold 
to acquire a new input voltage. 


AD7572 
Figure 15 shows an AD5~sample-and::hQ.I.d. 
to AD7572 interface. The AD7572 RD input and BUSY 
output 
are used to put the AD585 in hold mode when 
a conversion is in progress. In this example the analog 
input range is ±2.5V but other voltage ranges can be 
configured 
differently 
as explained 
later. 


The maximum 
sampling 
rate is 125kHz with a 2.5MHz 
clock and 64.5kHz with a 1MHz clock 
allowing 
for a 
3Jls sample-and-hold 
acquisition 
time. 


Although 
this circuit 
works 
quite well for the 1MHz 
clock 
rate, at the 2.5MHz clock 
rate a faster sample- 
and-hold 
amplifier 
such 
as the 
HA-5320 
is recom- 
mended. 


Figure 
15. AD7572-AD585 
Sample-and-Hold 
Interface 
1-98___________________ 
/~I./JXI./~1 


Complete High-Speed' CMOS 12-8it ADC 


-15V 


0.118T 1018 


ANALnG 
INPUT 
-2.5V 
TO +2.5V 


GNO 


13 


MAX162 
Figure 16 shows the MAX162 to HA5320 


interface. The maximum sampling rate is 210kHz with 
a 4MHz clock 
which 
allows for a 1.5ps acquisition 


time. The HA5320 can also be replaced by a HA533P 
for higher throughput. 


Unipolar Input Oparatlon 


Figure 
17 shows the nominal 
input/output 
transfer 


function 
of the MAX162/AD7572. 
Code transitions 


occur 
half 
way 
between 
successive 
integer 
LSB 


values. The output 
coding 
is binary 
with 
1LSB = 
1.22mV (5V!4096). 


Offset and Full Scale Adjustment 


In applications 
where the offset and full scale range 


have to be adjusted 
for the ADC, 
use the circuit 


shown in Figure 18. Note that the amplifier 
shown 


cs 
21 


iiii 
20 


"""AXI.M 
MAX162 
AD7572 
Vm 


1018Y 
0.118 


could also have been a sample-and-hold. 
The offset 


should 
be adjusted first. Apply 1/2 LSB (0.61mV) at 


the analog input and adjust the offset of the amplifier 
until the digital 
output code changes between 0000 


0000 0000 and 0000 0000 0001. 


To adjust 
the 
full 
scale 
range, 
apply 
FS-3/2LSB 


(4.99817V) at the analog 
input and adjust 
R1 until 


the output code changes between 111111111110and 
1111 1111 1111. 


B~o~rmputOp.rat~n 


Bipolar 
operation 
can be achieved 
in two modes: 


non-inverting 
and inverting. 
For both cases the am- 


plifier shown in the circuits 
can be replaced by the 


AD585 
or 
HA5320 
sample-and-hold 
amplifiers. 


Several different 
input 
ranges are possible 
by se- 


lecting the values for the scaling resistors as shown 
in Tables 5 and 6. 


-- 
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OUTPUT 
FULL SCALE 


11 
.. 
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C 


f 
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RANSITION 


11 ... 
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11 
.. 
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00 .. 
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FS 
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FS = SV 


ILSB = 
FS 
4096 


D-SV 
ANALOG 
INPUT 
1 AIN 


.MAXI.M 
MAX162 
3 
AD7572+ 


AnNO 


Figure 
19 shows the bipolar 
operation 
in the non- 
inverting 
mode, where the output 
coding 
is offset 


binary, Figure 20 shows the ideal transfer 
function 


for this mode, 


Figure 21 shows the bipolar operation in the inverting 
mode, where the output 
coding 
is complementary 


offset binary. Figure 20 shows the ideal transfer func- 
tion for the circuit in Figure 21, 


The resistors used in bipolar applications 
should be 


of the same type and from the same manufacturer to 
obtain 
low 
temperature 
drifts. 
0.1% resistors 
are 


recommended 
for applications 
where offset and full 


scale adjustments must be made in bipolar circuits. If 
high tolerances are used, larger value potentiometers 
must be used and this results in poor sensitivity and 
higher temperature drifts. 


ANALOG 
INPUT 
VIM 


AIN 
.MAXI.M 
MAX162 
AD7572+ 
Rl 
34.BkO 
0.1% 


Table 5. Resistor 
and Potentiometer 
Values Required 


,for Offset and Gain Adjustment 
of Figure 
19 


V'N Range 
R3+ 
R4+ 
Rz 
RG 
1/2LSB 
FS/2-3/2LSBs 


(Volts) 
(kO) 
(kO) 
(0) 
(0) 
(mV) 
(Volts) 


±2.5 
3.83 
8.25 
500 
500 
0.61 
2.49817 


±5.0 
33.2 
16.9 
500 
1000 
1.22 
4.99634 


±10.0 
47.5 
9.53 
500 
500 
2.44 
9.99268 


Notes: 


+ R3 and R4 have a 0.1% tolerance . 


All resistors 
are standard 
EtA/MIL 
decade values. 
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Figure 20. Ideal Input/Output 
Transfer Characteristic 
for 


the Bipolar 
circuits 
in Figures 
19 and 21. 
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Offset and Full Scale Adjustment 


Offset 
should 
always 
be adjusted 
before 
full 
scale. 


For both 
circuits 
apply 
+1/2LSB 
to the analog 
input 


(see tables 
5 and 6) and 
adjust 
Rz until 
the output 


code flickers 
between 
the following 
codes: 


For Non-inverting 
(Figure 
19) 
1000 0000 0000 
1000 0000 0001 


0111 1111 1111 
0111 1111 1110 


Apply 
FS-3/2LSB 
(see tables 5 and 6) to the input and 


adjust 
RG until the ADC output 
code flickers 
between 


the following 
codes: 


For Non-inverting 
(Figure 
19) 
1111 1111 1110 
1111 1111 1111 


0000 0000 0001 
0000 0000 0000 


ANALOG 


INPUT 
VIM 


3 
MAX'Ao1 


AGND 
MAX162 
AD7572 * 


Table 6. Resistor 
and Potentiometer 
Values Required 
for Offset 
and Gain Adjustment 
of Figure 
21 


VIN Range 
R1* 
R2* 
R3* 
Rz 
RG 
1/2LSB 
fS/2-3/2LSBs 
(Volts) 
(kO) 
(kO) 
(kO) 
(0) 
(0) 
(mV) 
(Volts) 


±2.5 
20 
20.5 
42.2 
2000 1000 
0.61 
2.49817 


±5.0 
20 
10.2 
21 
1000 1000 
1.22 
4.99634 


±10.0 
20 
5.11 
10.5 
500 
1000 
2.44 
9.99268 


Notes: 


* R1. R2, and 
R3 have a 0.1% tolerance. 


All 
resistors 
are standard 
EIA/MIL 
decade 
values. 


CS 
1 
RD 


HBEN 


CLKDUT 


D.12D" 


13.05mm) 
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PART 
TEMP. RANGE 
PACKAGE' 
ERROR 


51's CONVERSION 
TIME 


AD7572JN05 
O'C to +70'C 
Plastic DIP 
±1 LSB 


AD7572KN05 
O'C to +70'C 
Plastic DIP 
±1 LSB 


AD7572LN05 
O'C to +70'C 
Plastic DIP 
±'h LSB 


AD7572JCWG05 
O'C to +70'C 
Wide S.O. 
±1 LSB 


AD7572KCWG05 
O'C to +70'C 
Wide S.O. 
±1 LSB 


AD7572LCWG05 
O'C to +70'C 
Wide S.O. 
±'h LSB 


AD7572AQ05 
-25'C 
to +85'C 
CERDIP 
±1 LSB 


AD7572BQ05 
_25' C to +85' C 
CERDIP 
±1 LSB 


AD7572CQ05 
-25' C to +85' C 
CERDIP 
±'h LSB 


AD7572SQ05 
-55'C 
to +125'C 
CERDIP 
±1 LSB 


AD7572TQ05 
-55'C 
to +125'C 
CERDIP 
±1 LSB 


AD7572UQ05 
-55'C 
to +125'C 
CERDIP 
±'h LSB 


1~ 
CONVERSION 
TIME 


AD7572JN12 
O'C to +70'C 
Plastic DIP 
±1 LSB 


AD7572KN12 
O'C to +70'C 
Plastic DIP 
±1 LSB 


AD7572LN12 
O'C to +70'C 
Plastic DIP 
±'h LSB 


AD7572JCWG12 
O'C to +70'C 
Wide S.O. 
±1 LSB 


AD7572KCWG12 
O'C to +70'C 
Wide S.O. 
±1 LSB 


AD7572LCWG12 
O'C to +70'C 
Wide S.O. 
±'h LSB 


AD7572AQ12 
-25' C to +85' C 
CERDIP 
±1 LSB 


AD7572BQ12 
-25'C 
to +85'C 
CERDIP 
±1 LSB 


AD7572CQ12 
-25' C to +85' C 
CERDIP 
±'h LSB 


AD7572SQ12 
-55' C to +125' C 
CERDIP 
±1 LSB 


AD7572TQ12 
-55'C 
to +125'C 
CERDIP 
±1 LSB 


AD7572UQ12 
-55'C 
to +125'C 
CERDIP 
±'h LSB 
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Complete 10pS CMOS 12·8;t ADC 


_______ 
General Description 


The MAX172 is a complete 12-Bit analog-to-digital 
converter (ADC) that combines high speed, low power 
consumption, and an on-chip voltage reference. The 
conversion time is 10ps. The buried zener reference 
provides low drift and low noise performance. 
External component requirements are limited to only 
decoupling capacitors for the power supply and refer- 
ence voltages. On-chip clock circuitry is also included 
which can either be driven from an external source, 
or in stand-alone applications, can be used with a 
crystal. 


The MAX172usesa standard microprocessor interface 
architectur0hree-state 
data outputs are controlled 


by Aead (AD) and Chip Select (CS) inputs. Data 
access and bus release times of 90 and 75ns respec- 
tively ensure compatibility with most popular micro- 
processors without resorting to wait states. 
__________ 
Applicstions 


Digital Signal Processing (DSP) 


High Accuracy Process Control 


High Speed Data Acquisition 


Electro-Mechanical Systems 


22 
BUSY 


11 f! 


2lliill 


19 
MBEN 


IB 
eLK OUT 


17 
eLK lit 


• 
12-81t Resolution and Linearity 


• 
10ps Conversion 
Time 


• 
No Missing Codes 


• 
On-Chip 
Voltage Reference 


• 
gons Access Time 


• 
215mW Max Power Consumption 


• 
24-Lead 
Narrow 
DIP Package 


• 
Pin-tor-Pin 
AD7572 
Replacement 


PART 
TEMP. 
RANGE 
PACKAGE" 
ERROR 


MAX172ACNG 
DOC to +7DoC 
Plastic 
DIP 
±'h LSB 


MAX172BCNG 
DOC to +7DoC 
Plastic 
DIP 
±1 LSB 


MAX172ACWG 
DOC to +7DoC 
Wide S.O. 
±'h LSB 


MAX172BCWG 
DOC to +7DoC 
Wide S.O. 
±1 LSB 


MAX172CC/D 
DOC to +7DoC 
Dice"" 
±1 LSB 


MAX172AING 
-25° C to +85° C 
Plastic 
DIP 
±'h LSB 


MAX172BING 
-25°C 
to +85°C 
Plastic 
DIP 
±1 LSB 


MAX172AMRG 
_55°C to +125° C 
CERDIP 
±'h LSB 


MAX172BMRG 
-55°C 
to +125°C 
CERDIP 
±1 LSB 


/~I /J X I/~I 
M.xlm Inr.g",ted 
Producf81-103 


""' ..••x ,..••.. 
, is a registered 
trademark 
of Maxim 
Integrated 
Products. 
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Complete 10pSCMOS 12·8;t ADC 


VDD tD DGND 
-0.3V 
tD +7V 
Vss tD DGND 
............•................ 
+0.3V tD -17V 
AGND 
tD DGND 
..................•... 
-0.3V, 
VDD + 0.3V 
AIN 
tD AGND 
-15V tD +15V 
Digital 
Input 
VDltage 
tD DGND 
-0.3V, 
VDD + 0.3V 


(Pins 
17, 19-21) 
Digital 
Output 
VDltage 
tD DGND 
-0.3V, 
VDD + 0.3V 


(pins 
4-11, 13-16, 18, 22) 


Operating 
Temperature 
Ranges 
MAX172XC 
O°C tD +70°C 


MAX172XI 
.....................•..... 
-25°C 
tD +85°C 


MAX172XM 
-55° C tD +125° C 


StDrage 
Temperature 
Range 
, 
-65°C 
tD +160°C 


PDwer 
DissipatiDn 
(any 
Package) 
tD +75°C 
., 
1000mW 


Derates 
AbDve 
+75°C 
by 
10mW/oC 


Lead 
Temperature 
(SDldering 
10 secDnds) 
, +300°C 


Stresses 
above 
those 
listed 
under 
''Absolute 
Maximum 
Ratings" 
may cause 
permanent 
damage 
to the device. 
These 
are stress ratings 
only, and 
functional 
operation of the device at these or any other conditions above those indicated in the operational sections of the specifications is not 
implied. Exposure to absolute maximum ratings conditions 
for extended periods may affect device reliability. 


ELECTRICAL 
CHARACTERISTICS 


(VDD = +5V ± 5%, Vss = -12V Dr -15V 
± 5%; SIDW MemDry 
MDde; TA = T MINto T MAXunless 
Dtherwise 
nDted, 
fCLK = 1.25MHz.) 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


ACCURACY 


ResDlution 
12 
Bits 


Integral 
Non-Linearity 
INL 
MAX172A 
±112 
LSB 
MAX172B 
±1 


Differential 
Non-Linearity 
DNL 
Guaranteed 
Monotonic 
Over Temp. 
±1 
LSB 


MAX172B 
TA = 25°C 
±4 
TA = TMIN to T MAX 
±8 
Offset 
Error 
(Note 
1) 
LSB 


MAX172A 
TA = 25°C 
±2 
TA = TMIN to TMAX 
±4 


MAX172B 
TA = 25°C 
±15 
Full Scale 
Error 
(Note 
2) 
LSB 


MAX172A 
TA = 25°C 
±10 


Full Scale Tempco 
(Notes 
3, 4) 
±45 
ppml"C 


ANALOG 
INPUT 


Input 
VDltage 
Range 
0 
5 
V 


Input 
Current 
AIN 
= OV to +5V 
3.5 
mA 


INTERNAL 
REFERENCE 


VREFOutput 
Voltage 
TA = 25°C 
-5.2 
-5.25 
-5.3 
V 


VREFOutput 
TempcD 
(Note 
5) 
40 
ppm/oC 


Output 
Current 
Sink Capability 
(Note 
6) 
500 
IJA 


LOGIC 
INPUTS 


Input 
Low 
Voltage 
V1L 
CS, RD, HBEN, 
CLKIN 
0.8 
V 


Input 
High 
VDltage 
V1H 
CS, RD, HBEN, 
CLKIN 
2.4 
V 


Input 
Capacitance 
(Note 
7) 
C'N 
CS, RD, HBEN, 
CLKIN 
10 
pF 


Input 
Current 
IIN 


CS,RD, 
HBEN 
1 
VIN 
= 0 tD VDD 


±10 
IJA 
CLKIN 
±20 


LOGIC 
OUTPUTS 


Output 
LDW VDltage 
VOL 
D11-DO/8, 
BUSY, CLKOUT 
IS1NK= 1.6mA 
0.4 
V 


Output 
High 
VDltage 
VDH 
D11-DO/8, 
BUSY, CLKOUT 
ISDURCE= 200IJA 
4 
V 


FIDating 
State 
Leakage 
ILKG 
D11-DO/8, 
VOUT = OV to VDD 
±10 
IJA 
Current 


Floating 
State 
Output 


COUT 
15 
pF 
Capacitance 
(Note 
7) 


Complete 10pS'CMOS 12-8;t ADC 


ELECTRICAL 
CHARACTERISTICS 
(Continued) 
=- 


(Voo = +5V ± 5%. Vss = -12V or -15V 
± 5%; Slow 
Memory 
Mode; 
TA = TMIN to TMAXunless 
otherwise 
noted, 
fCLK = 1.25MHz.) i: 
)(•• 


~ 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


CONVERSION 
TIME 


MAX172 
tCONV 


Synchronous 
(12.5 clock 
cycles) 
10 
Asynchronous 
(12 to 13 clock 
cycles) 
9.6 
10.4 
IlS 


POWER 
SUPPLY 
REJECTION 


Voo Only 
FS Change, 
Vss = -15V, Voo = 4.75V to 5.25V 
±112 
LSB 


Vss Only 
FS Change, 
Voo = 5V, Vss = -5% to +5% 
±118 
LSB 


POWER 
REQUIREMENTS 


Voo 
±5% 
for Specified 
Performance 
5 
V 


Vss (Note 
8) 
±5% 
for Specified 
Performance 
-12 or -15 
V 


'DO 
CS = RD = Voo, AIN = 5V 
5 
7 
mA 


Iss 
CS = RD = Voo, AIN = 5V 
8 
12 
mA 


Power 
Dissipation 
Voo = +5V, Vss = -15V 
145 
215 
mW 


Note 
1: 
Typical 
change 
over temp 
is ±1 
LSB. 


Note 2: 
Voo = +5V, Vss = -15V, FS = +5.000V, Ideal 
last code 
transition 
= FS - 3/2LSB. 


Note 3: 
Full Scale 
TC 
= L'.FS/L'.T, where 
L'.FS is full 
scale change 
from 
TA = 25°C 
to TM1Nor TM~X' 


Note 4: 
Includes 
internal 
reference 
drift. 


Note 5: 
VREFTC 
= L'.VREF/L'.T,where 
L'.VAEFis reference 
voltage 
change 
from 
TA = 25°C 
to TM1Nor TMAX' 


Note 6: 
Output 
current 
should 
not change 
during 
conversion. 


Note 7: 
Guaranteed 
by design, 
not subject 
to test. 


Note 8: 
Functional 
operation 
at Vss = -12V 
± 5% is guaranteed 
by testing 
offset 
error 
and full 
scale 
error. 


TIMING 
CHARACTERISTICS 
(Note 
9) 


(Voo = +5V, Vss = -12V or -15V; 
TA = TMIN to TMAX unless 
otherwise 
noted.) 


TA = 25°C 
MAX172C/1 
MAX172M 
PARAMETER 
SYMBOL 
CONDITIONS 
UNITS 
MIN 
TYP 
MAX 
MIN 
MAX 
MIN 
MAX 


CS to RD Setup 
Time 
t, 
0 
0 
0 
ns 


RD to BUSY 
Delay 
t2 
CL = 50pF 
90 
190 
230 
270 
ns 


Data Access 
Time 
(Note 
10) 
t3 
CL = 20pF 
60 
90 
110 
120 
CL = 100pF 
70 
125 
150 
170 
ns 


RD Pulse 
Width 
t, 
t3 
t3 
t3 


CS to RD Hold 
Time 
ts 
0 
0 
0 
ns 


Data Setup 
Time 
After 
BUSY 
t6 
70 
90 
100 
ns 
Note 
(10) 


Bus Relinquish 
Time 
(Note 
11) 
t7 
20 
75 
20 
85 
20 
90 
ns 


HBEN 
to RD Setup 
Time 
t8 
0 
0 
0 
ns 


HBEN 
to RD Hold 
Time 
Ig 
0 
0 
0 
ns 


Delay 
Between 
Read Operations 
t,o 
200 
200 
200 
ns 


Note 9: 
Timing 
specifications 
are sample 
tested 
at 25°C 
to ensure 
compliance. 
All input 
control 
signals 
are specified 
with 


t, = tf = 5ns (10% to 90% of +5V) and timed 
from 
a voltage 
level of +1.6V. 


Note 
10: 
t3 and 
t6 are measured 
with 
the load 
circuits 
of Figure 
1 and defined 
as the time 
required 
for an output 
to cross 


0.8V or 2.4V. 


Note 
11: 
t7 is defined 
as the time 
required 
for the data 
lines 
to change 
0.5V when 
loaded 
with 
the circuits 
of Figure 
2. 


CS 
1 
:~EN 


CLKOUT 


0.120" 


(3.05mmJ 
,,,,,j 


_______ 
Genera' Description 


The 
AD578 
is a 12-bit 
successive 
approximation 
analog-to-digital 
converter 
complete 
with 
internal 
clock 
and reference. 
The combination 
of bipolar 
and 
CMOS 
technology 
optimizes 
accuracy, 
speed, 
and 
power 
in a convenient 
32 pin ceramic 
DIP. Maximum 
conversion 
time 
is 
3JLS 
(L 
version) 
however 
the 
device may be operated 
at faster speeds with reduced 


resolution 
by short 
cycling. 


Multiple 
input 
ranges 
are accommodated 
in both 
unipolar 
and bipolar 
modes 
using 
internal 
resistors. 
These 
resistors 
also track 
those 
in the reference 
for 
low 
gain 
drift 
with 
temperature. 
All 
data 
bits 
are 
available 
in both parallel 
and serial form using either 
the internal 
or an external 
clock. 
__________ 
Applications 


High Speed Data Acquisition 
Systems 


Transient 
Recorders 


Multichannel 
Data Loggers 


Digital 
Signal 
Processing 


812 
811 
810 
89 
88 
87 
88 
85 
84 
83 
82 
~ 
SHORT CYCLE 
14 
OONO 
Vee 


V- 
V+ 
AONO 
ZERO AoJ 
20V INPUT 
10V INPUT 
81PoLAR OFFSET 
REF IN 
REF OUT 
SER OUT 
S"ElfnIJf 
CONVERT START 
EoC 
ClK IN 
ClK OUT 
ClK AoJ 


~~I~JXI~~I 
High Speed 12 Bit 
A/D Converter 


• 
Pln-for-Pln 
Second 
Source 


• 
Fast Conversion: 
3JLs(AD578L) 


• 
Internal 
+10V Reference 


• 
Low Gain TC: 30ppm/o 
C Max 


• 
Linearity 
Error: 
0.012% Max 


• 
No Missing 
Codes 
Over Temperature 


• 
Parallel 
and Serial 
Outputs 


• 
Adjustable 
Internal 
Clock 


• 
Short 
Cycle 
Capability 


PART 
TEMP. RANGE 
PACKAGE 


AD578JN 
DOC to +7DoC 
32 Lead Ceramic DIP 


AD578KN 
DOC to +7DoC 
32 Lead Ceramic DIP 


AD578LN 
DOC to +7DoC 
32 Lead Ceramic DIP 


AD578SN 
-55°C to +125°C 
32 Lead Ceramic DIP 


AD578TN 
-55°C to +125°C 
32 Lead Ceramic DIP 


For ±12V Supplies, 
Order AD578ZXX 
(For Hermetic 
Seal (D) Please Contact 
Factory.) 


High Speed 12 Bit 
A/D Converter 


ABSOLUTE MAXIMUM RATINGS 


Positive Supply Voltage. V+ (pin 31 to GND) 
...........•.. 
+18V 
Negative Supply Voltage. V- (pin 32 to GND) 
.....•..•.... 
-18V 
Digital Supply Voltage. Vcc (pin 16to GND) 
+7V 
Digital Input Voltage 
(pins 14, 17.19.21) 
........••. 
GND - 0.5V ~ V,N~ Vcc + 0.5V 
Analog GND to Digital GND 
±O.5V 


Analog Inputs (pins 25, 26. 27) 
±12V 


(pins 28. 29) 
±24V 


Ref Out 
Indefinite 
Short to AGND 


Momentary 
Short to V+ 


Power Dissipation 
...........................•.. 
2W@ l00·C 


Storage Temperature 
.........••......... 
-65·C ~ TA~ +160·C 


Lead Temperature (Soldering, 
10 sec.) 
.......•..•..... 
+300·C 


Stresses above those listed under '~bsolut9 
Maximum 
Ratings" may cause permanent 
damage to the device. These 8r9 stress ratings only and functional 


operation 
of the device at these or any othar conditions 
above those Indicated in the operational 
sections of the specifications 
is not implied. Exposure to 


absolute maximum 
rating conditions for 8xtend&d periods may affect device reliability. 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Unipolar. TA = 25·C 
±0.1 
±0.25 
%FSR 
TMIN~ TA~ TMAX;AD578L.K.J,T 
±3 
±10 
ppm/·C 


Offset (Note 1) 
AD578S 
±3 
±15 
ppm/·C 
Bipolar (Note 1. 2), TA = 25·C 
±O.l 
±0.25 
%FSR 
TMIN~ TA~ TMAX;AD578L.K.J,T 
±8 
±20 
ppml"C 
AD578S 
±8 
±25 
ppml"C 


TA = 25·C 
±0.1 
±0.25 
%FSR 
Gain Error (Note 1, 3) 
TMIN~ TA~ TMAX;AD578L,K,J.T 
±15 
±30 
ppml"C 
AD578S 
±15 
±50 
ppml"C 


TA = 25·C 
'AI 


Linearity 
TMIN~ TA~ TMAX;AD578L.K,J 
~ 
LSB 
AD578S.T 
¥. 


Differential 
Linearity 
Error 
TMIN~ TA~ TMAX 
no missing codes 


Differential 
Linearity 
Drift 
TM1N~ TA~ TMAX 
±2 
ppml"C 


Reference Voltage Accuracy 
Vnomin.'= 10.000V 
±10 
±100 
mV 


Reference Voltage Drill 
TM1N~ TA~ TMAX 
±10 
±30 
ppml"C 


Reference Output Current 
±1 
mA 


Power Supply 
Rejection 
Ratio 
V+ = +13.5 to +16.5V 
0.005 
V- = -13.5 to -16.5V 
0.005 
%/%:.v 
(Note 5) 
Vcc = +4.5 to +5.5V 
0.005 


AD578L 
3.0 
Conversion 
Speed 
AD578K.T 
4.5 
p's 


AD578J.S 
6.0 


OVto +10V range 
5 


Input Impedance 
OVto +20V range 
10 
kn 
-5V to +5V range 
5 
-10V to +10V range 
10 


Power Supply 
Range 
V+ 
13.5 
16.5 


(Note 5) 
V- 
-13.5 
-16.5 
V 
Vcc 
4.75 
5.25 


V+ 
11 
15 
Power Supply Current 
V- 
21 
35 
mA 
Vcc 
45 
80 


Power Dissipation 
0.7 
1.15 
W 


Operating 
Temperature 
Range 
AD578L.K.J 
0 
+70 
·C 
AD578S,T 
-55 
+125 


Logic Output Drive 
B,-B'2. 
B" CLOCK OUT 
2 
SER OUT, SER OUT 
2 
LS TTL 


EOC 
8 
Loads 
Logic Input Load 
CLOCK IN, CONVERT START 
1 


Parallel Output Code 
Unipolar 
Binary 
Bipolar 
Offset BinarylTwo's 
Complement 


Serial Output Code 
Unipolar 
Binary/Complementary 
Binary 
Bipolar 
Offset Binary/Complementary 
Offset Binary 


Note 1: Adjustable 
to zero. 


Note 2: 50n. 1% resistor between pins 24 and 26. 
Note 3: 50n. 1% resistor between pins 24 and 25. 
1-108 
/~I/JXI/~1 


Note 4: AD578ZXX models. V+ = +12V. V' + -12V 
Note 5: 'Z' models. V+ = 11.6V to 12.6V. 


V- = -11.6V to -12.6V 


EOC 


SERiAl 


Sf RIAL 


DIGITAl 
12 
OUTPUTS 


IN 


REFERENCE 


OUT 


BIPOLAR 
OFFSET 


IOV INPUT 


ZOV INPUT 


OFFSET 
AOJ 


______ 
Detailed 
Description 


The AD578 
is a 12-bit successive 
approximation 
AID 


converter 
in which the analog input is compared 
to the 


output 
of a high speed D/A converter 
(Figure 
1). The 


D/A 
is binarily 
stepped 
until 
its output 
matches 
the 


analog 
input. 
The 
digital 
code 
from 
the successive 


approximation 
register 
(SAR) appears 
on the outputs 


as the binary value of the input voltage. The conversion 
processs 
consists 
of twelve 
successive 
tests, starting 


with the D/A set to half Full Scale (FS). The comparator 
determines 
whether 
the D/A output 
is higher or lower 


than the analog 
input 
and either 
sets or resets Bit 1 


(MSB). On the next test, the D/A is incremented 
up or 


down 
V. FS, based on the last decision, 
and is again 


compared 
to the input. 
The result is stored 
as BIT 2. 
Each comparator 
decision 
is clocked 
into the SAR for 


the remaining 
bits until all twelve have been tested. 


High Speed 12 Bit 
A/D Converter 


LOGIC AND CONTROL 


r - - - - 
CLAMP CONTROL 
I 
I 
I 


11111~ 


A positive 
going 
pulse on Convert 
Start resets the D/A 


Converter 
to Y2 FS and sets the End-Of-Convert 
(EOC) 


high indicating 
that a conversion 
is in progress 
(Figure 


7). The internal 
clock 
is enabled 
and the conversion 


begins 
on the trailing 
edge of the Start 
Convert 
(S) 


pulse. After the last bit has been tested. EOC goes LOW 
indicating 
that the output 
data is valid. 


Calibration 
Procedure 


For a large 
number 
of AD578 
applications 
no user 


calibration 
is needed. 
The performance 
limits 
for an 


uncalibrated 
device are given in the Electrical 
Charac- 


teristics 
section. 
If more 
precision 
is required 
then 


offset and gain adjustments 
can be made as follows. 


ANALOG INPUT VOLTAGE 
OUTPUT CODEI') 


OTO +10V 
o TO +20V 
-5 TO +5V 
-10 TO +10V 
MSB 
LSB 


+FS -1LSB 
+9.9976 
+19.9951 
+4.9976 
+9.9951 
1111 
1111 
1111 


+FS -1 'hLSB 
+9.9964 
+19.9927 
+4.9964 
+9.9927 
1111 
1111 
111@ 


Mid Scale +'hLSB 
+5.0012 
+10.0024 
+0.0012 
+0.0024 
1 000 
0000 
OOO@ 
Mid Scale 
+5.0000 
+10.0000 
+0.0000 
+0.0000 
1 000 
0000 
0000 


-FS +'hLSB 
+0.0012 
+0.0024 
-4.9988 
-9.9976 
0000 
0000 
OOO@ 


-FS 
+0.0000 
+0.0000 
-5.0000 
-10.0000 
0000 
0000 
0000 


• 


Keeping 
in 
mind 
that 
the 
offset 
must 
always 
be 
adjusted 
before the gain, set the system into a mode of 
continuous 
conversions 
with 
a high 
repetition 
rate 


(>1kHz) 
while 
monitoring 
the output 
data lines using 
an oscilloscope, 
logic analyzer 
triggered 
on EOC, or 
LED's driven by latched data outputs 
clocked 
by EOC. 


Using a DVM, set the input voltage 
V2 LSB above -Full 
Scale (-FS) for the appropriate 
range (Table 1). Adjust 
the offset 
potentiometer 
(Figure 
2) so that 
the LSB 


(B12) alternates 
between 
a "0" and "1" with a 50% duty 
cycle with all the other bits OFF. Using LED's, the LSB 
will appear at half intensity. 
The gain is similarly 
set by 
applying 
a voltage 
of 
+FS -1 'hLSB 
(Table 
1) and 
adjusting 
the LSB for the same 50% ON condition 
with 
the exception 
that all the other bits are ON. 


In bipolar 
mode, 
it is often 
desired 
to calibrate 
the 
bipolar zero condition 
at mid scale rather than the -FS 
offset. In this case set the input to MID SCALE +V2LSB 
and adjust the LSB for 50% duty cycle with all bits off 
except 
B1 (MSB). 


+15V 


ZERO 
211 
IlI<n~ 
OffSET 
ZERO 
211 
AOJ 


-15V 


BIPOLAR 
28 
BIPOLAR 
28 
lOon 


OffSET 
OffSET 
OffSET 
AOJ 


REF IN 
25 loon 


REF IN 
GAIN 
GAIN 
AOJ 


REFOUT 24 
AOJ 
REFOUT 
24 


a) Unipolar 
b)Bipolar 


1.5 
25 
15 
45 


CONVERSIONTIME ~'I 


Figure 3. Speed vs. Resistance. 


Clock Adjust 


The internal 
clock 
on all grades 
is set for a nominal 


5.8J.ls with tolerance 
of about 
+0.2J.ls with 
no external 


components 
connected 
to pin 17. To obtain 
3.0J.ls for 


the 
L grade, 
connect 
an 8250 
resistor 
as shown 
in 


Figure 5(a). For K and T grades, 
use a 3.3kO resistor 


for 4.5J.ls. For J and S grades, it is recommended 
that 


no 
adjustment 
be 
made 
unless 
exactly 
6.0J.ls is 


required. 


For 
faster 
conversion 
speeds, 
connect 
a 
resistor 


chosen 
from 
Figure 
3 between 
pins 
17 and 
18. For 


slower 
conversions, 
connect 
a capacitor, 
Figure 
4, 


from 
pin 17 to GND. A combination 
of both 
resistor 


and capacitor 
maybe used particularly 
for fine adjust- 


ment of slow clock settings 
(Figure 5). 


CLK IN 


CLK OUT 


CLK AOJ 


19 
CLK IN 


CLK OUT IB 


IT 


b) Adjustable speed 


Decrease 


19 
CLK IN 


18 
CLK OUT 
17 
CLK AOJ I 


C 


1000 


900 


BOO 


700 
~ 
.2 
BOO 
; 
500 
I 
400 


300 


200 


100 


50 
70 
90 
11.0 
13.0 
15.0 
170 


CONVERSIONTIME ~'I 
Figure 4. Speed vs. Capacitance. 


ShortCyc/. 


For conversions 
of less than 12 bits, SHORT 
CYCLE, 


pin 14, must be connected 
to the next higher 
bit than 


the desired 
resolution. 
For example, 
connecting 
pin 


14 to 
pin 
2 will 
result 
in 10 bit conversions. 
When 
using 
an external 
clock, 
EOC 
must also be used to 


inhibit 
the CLK IN. 


Externel Clock 


The external clock can be used for synchronous 
appli- 


cations, 
such as clocking 
the serial output 
data into a 
serial-to-parallel 
shift 
register 
(Figure 
6). The 
clock 


should 
have a duty cycle 
between 
30% and 70%. The 
main advantage 
of serial transmission 
is the reduction 


in the number 
of output 
lines from 
12 to 1, which 
is 
particularly 
useful 
when 
using 
optical 
couplers 
or 


sending 
data over long distances. 


High Speed 12 Bit 
A/D Converter 


leon,(IlS) 
T(ns) 
3 
240 
4.5 
360 
6 
480 


If using only the 20V input 
range, leave the 10V input 


(pin 27) completely 
unconnected 
since capacitance 
on 
this high impedance 
point can degrade dynamic 
perfor- 


mance. When relays or switches 
are used, mount them 


as close to the input pins as possible. 


Although 
not necessary to achieve rated specifications, 


it is recommended 
that a 10JLFelectrolytic 
capacitor 
be 


connected 
on REF OUT to GND for improved 
noise on 


the code transitions. 


InterfacIng 


The digital 
outputs 
of the AD578 
should 
be latched 


since 
they 
are constantly 
changing 
during 
the con- 
version. Edge triggered, 
rather than transparent 
latches 


are 
preferred, 
such 
as the 
74LS574 
(Figure 
8), to 


prevent 
changing 
data 
lines 
feeding 
back 
into 
the 


analog 
portions 
of the ND converter. 
Capacitive 
load- 


ing above 30pF as well as connections 
more than a few 


inches long should 
be avoided on the digital outputs 
of 


the A/D. 


-- 
Application 
Hints 
Layout 


The Analog 
and 
Digital 
Grounds 
should 
be directly 


connected 
together 
as close as possible to the package 
and 
then 
tied 
to 
a quiet 
analog 
ground 
with 
no 
switching 
transients 
taking 
place during 
the conver- 
sion. A ground 
plane works best, but is not necessary 
if 


large traces are used. It is advisable to filter the supplies 
with 10JLFelectrolytic 
capacitors 
on the PC board along 
with 0.1JLFbypassing 
capacitors 
as close to the supply 
pins on the AD578 as possible. 
Above all, separate the 
analog 
circuit 
connections, 
pins 24 through 
32, away 


from the digital section. 
If a digital signal must cross an 
analog 
connection, 
make sure it crosses 
at a ninety 
degree 
angle 
on different 
sides of the board 
if at all 
possible . 
.JII'~I.JII'JXI..Jll'~I 
1-111 


Input Slgnel ConditIoning 


The analog input should be driven by a wide bandwidth, 
low output 
impedance 
op amp or a fast sample-hold. 


Although 
V1N may not change 
during 
the conversion, 


the load current of the ND abruptly 
changes with each 


clock 
cycle due to successive 
DAC codes 
(Figure 
1). 


The amplifier 
must recover to the original 
value in time 


forthe 
rest of the circuit to settle before the comparator 


can make a decision. 
An op amp which 
can settle to 


0.01% in 50to 100ns for aO.5mAchange 
in load current 


with 
no thermal 
tail 
and 
low 
offset 
voltage 
drift 
is 


recommended. 
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CMOS High Speed A/D Converter 


with Track/Hold 
Function 


_______ 
General Description 


The ADC0820 is a high speed, microprocessor 
com- 


patible, 8 bit analog-to-digital 
converter which uses a 


half-flash 
technique 
to achieve a conversion 
time of 


1.4 J.ls. The converter 
has a OV to +5V analog 
input 


range and uses a single +5V supply. 


A built-in 
track-and-hold 
function 
is included, 
elimi- 


nating 
the need for 
an external 
track-and-hold 
for 


input slew rates up to 100mVlJ.ls. 


The AID 
easily 
interfaces 
with 
microprocessors 
by 


appearing 
as a memory 
location 
or I/O port without 


the need for external 
interfacing 
logic. Data outputs 


use latched, three-state 
buffer circuitry 
to allow direct 


connection 
to a microprocessor 
data bus or system 


I/O 
port. 
An over-flow 
output 
is also provided 
for 


cascading devices to achieve higher resolution. 


Maxim's 
ADC0820 
is pin-compatible 
with 
National 


Semiconductor's 
ADC0820 
and 
provides 
improved 


specifications. 
It is packaged in 20-pin DIP and Small 


Outline packages. 


Digital Signal Processing 


High Speed Data Acquisition 


Telecommunications 


High Speed Servo Loops 


Audio Systems 


V"fl+112 


V"fl-) 
11 


v. 
1 


080-0B7 


DATA OUT 
PINS 2-5. 


14-17 


• 
Fast Conversion Time: 1.4J.lsMax. 


• 
Built-In Track-and-Hold 
Function 


• 
No Missing Codes 


• 
No User Adjustments Required 


• 
Single +5V Supply 


• 
No External Clock 


• 
Easy Interface To Microprocessors 


PART 
TEMP. RANGE 
PACKAGE* 
ERROR 


ADC0820BCN 
O°C to +7ooC 
Plastic 
±'h LSB 


ADC0820CCN 
O°C to +7OOC 
Plastic 
±1 LSB 


ADC0820CC/D 
O°C to +7OOC 
Dice 
±1 LSB 


ADC0820CCM 
O°C to +7OOC 
Small Outline 
±1 LSB 


ADC0820BCJ 
-400 C to +85° C 
CERDIP 
±'h LSB 


ADC0820CCJ 
-400 C to +85° C 
CERDIP 
±1 LSB 


ADC0820BJ 
-55° C to +125°C 
CERDIP 
±'h LSB 


ADC0820CJ 
-55° C to +125°C 
CERDIP 
±1 LSB •• 


ABSOLUTE MAXIMUM RATINGS 


Supply Voltage, Voo to GND 
"...................... 
OV,+10V 
Operating Temperature Ranges 
Voltage at any other pins 
ADC0820CCN/BCN/CCM 
.......•...•........ 
O'C to +70'C 
(Pins 1-9,11-19) 
GND - 0.3V, Voo +0.3V 
ADC0820BCJ/CCJ 
..............•.......... 
-40'C 
to +85'C 
Output current 
(Pin 19) 
30mA 
ADC08020BJ/CJ 
-55'C 
to +125'C 
Power Dissipation 
(Any Package) to +75'C 
450mW 
Storage Temperature Range 
-65'C 
to +160'C 


Derate Above +25'C by 
6mW/'C 
Lead Temperature (Soldering 
10 seconds) 
+300'C 
Stresses above those listed under "Absolute Maximum 
Ratings" may cause permanent 
damage to the device. These are stress ratings only, and functional 
operation 
of the device at these or any other conditions 
above those indicated 
in the operational 
sections of the specification 
is not implied. Exposure to 
absolute maximum 
ratings conditions 
for extended periods may affect the device reliability. 


ELECTRICAL CHARACTERISTICS 
(Voo = +5V, VREF+ = +5V. VREF- = GND. 
RD-MODE. 
TA = TM1Nto TMAX. unless 
otherwise 
noted) 


PARAMETER 
SYMBOL 
CONDITIONS 
I 
MIN. 
TYP. 
MAX. 
UNITS 


ACCURACY 


Resolution 
8 
bits 


Total Unadjusted 
Error (Note 1) 
ADC0820B 
±1/2 
LSB 
ADC0820C 
±1 


No Missing Codes Resolution 
8 
bits 


REFERENCE INPUT 


Reference Resistance 
TA = +25'C 
1.4 
2.2 
4.0 
kfl 
TA = TM1Nto TMAX 
1.25 
4.0 


VAEF+ Input Voltage Range 
VAEF- 
Voo + 0.1 
V 


VAEF-Input Voltage Range 
GND-0.1 
VAEF+ 
V 


ANALOG INPUT 


Analog Input Voltage Range 
V,NA 
GND-0.1 
Voo + 0.1 
V 


Analog Input Capacitance 
ev,N 
45 
pF 


Analog Input Current 
IV1N 
V,N= OVto +5V 
TA = +25'C. 
±O.3 
I'A 
TM1Nto TMAX 
±3 


Slew Rate, Tracking (Note 2) 
SR 
0.2 
0.1 
VII's 


LOGIC INPUTS 


Input HIGH Voltage 
V'NH 
CS, WR, RD 
2.0 
V 
MODE 
3.5 


Input LOW Voltage 
V,Nl 
CS, WR, RD 
0.8 
V 
MODE 
1.5 


CS, RD; 
TA= +25'C 
0.1 
TM1Nto TMAX 
1 


Input High Current 
I'NH 
WR; 
TA = +25'C 
0.3 
p.A 
TM1Nto TMAX 
3 


MODE; 
TA = +25'C 
50 
150 
TM1Nto TMAX 
200 


Input Low Current 
I'Nl 
CS, RD, WR, MODE 
TA= 25'C 
-0.3 
p.A 
TM1Nto TMAX 
-1 


Input Capacitance 
(Note 3) 
C,N 
CS, RD, WR, MODE 
5 
8 
pF 


LOGIC OUTPUTS 


DBO-DB?, OFl., INT 


Output HIGH Voltage 
VOH 
Voo = +4.75V 
lOUT= -360p.A 
4.0 
V 


Voo = +4.75V 
lOUT= -10p.A 
4.5 


Output LOW Voltage 
VOL 


DBO-DB7, OFl., INT, ROY 
V 
Voo = +4.75V 
lOUT= 1.6mA 
0.4 


Three-state 
Output Current 
DBO-DB7, ROY 
TA = +25'C 
-0.3 
+0.3 
p.A 
TM1Nto TMAX 
-3 
+3 


Output Capacitance 
(Note 3) 
COUT 
DBO-DB7. OFl., INT, ROY 
5 
8 
pF 


Output Source Current 
IsAC 
DBO-DB7, OFl., INT; VOUT= 0 
-25 
-10 
mA 


Output Sink Current 
IS1NK 
DBO-DB7, OFl., INT, ROY; VOUT= Voo 
40 
15 
mA 


CMOS High Speed A/D Converter 


with Track/Hold Function 


ELECTRICAL CHARACTERISTICS 
(continued) 


(Voo = +5V, VREF+ = +5V, VREF- = GND, 
RD-MODE, 
TA = TM1Nto TMAX, unless 
otherwise 
noted) 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN. 
TYP. 
MAX. 
UNITS 


POWER SUPPLY 


Supply Voltage 
Voo 
±5% for Specified Performance 
5 
V 


Supply Current 
100 
CS=WA= 
AD=O 
TA= +25°C 
5 
10 
mA 
TM1Nto TMAX 
15 


Power Dissipation 
CS=WA=AD=O 
25 
mW 


Power Supply Sensitivity 
PSS 
Voo = ±5% 
±1/16 
±1/4 
LSB 


TIMING CHARACTERISTICS 
(Voo = +5V, VREF+ = +5V, VREF- = GND, TA = TMIN to TMAX, unless otherwise 
specified. 
See Note 2, 4.) 


TA = +25°C 
ADC0820BCX 
ADC0820BJ 


PARAMETER 
SYMBOL 
CONDITIONS 
ADC0820CCX 
ADC0820CJ 
UNITS 


MIN. 
TYP. 
MAX. 
MIN. 
MAX. 
MIN. 
MAX. 


CS to AD, WA Setup Time 
less 
0 
0 
0 
ns 


CS to AD, WA Hold Time 
IeSH 
0 
0 
0 
ns 


CS to ADY Delay 
tROY 
CL = 50pF, A = 3kO 
35 
70 
90 
100 
ns 


Conversion 
Time (AD Mode) 
tCRO 
(Note 7) 
1.2 
1.6 
2.0 
2.5 
I"S 


Data Access Time (AD Mode) 
tACCO 
(Note 5) 
tCRO 
tCRO 
tCRO 
tCRo 
ns 
(See Figure 1) 
+ 10 
+ 35 
+ 50 
+ 70 


AD to INT Delay (AD Mode) 
tlNTH 
CL = 50pF 
60 
125 
175 
225 
ns 


Data Hold Time 
tOH 
(Note 6) 
40 
90 
120 
150 
ns 


Delay Time 
tp 
500 
600 
600 
ns 
Between Conversions 


Write Pulse Width 
tWR 
600 
50,000 
600 
50,000 
600 
50,000 
ns 


Conversion 
Time 
tCWR-RO 
1.4 
1.56 
1.62 
I"S 
(WA-AD Mode) 


Delay between 
'-0 
600 
700 
700 
ns 
WA and AD Pulses 


Data Access Time 
(WA-AD Mode) 
tACC' 
tRO< t'NTL 
110 
220 
2BO 
350 
ns 


(See Figure 3) 


AD to INT Delay 
tRI 
100 
200 
260 
320 
ns 


WA to INT Delay 
ttNTL 
600 
1000 
1400 
1700 
ns 


Data Access Time 


tRO> ~NTL' 
(WA-AD Mode) 
tACC2 
60 
100 
130 
160 
ns 


(See Figure 2) 
(Note 6) 


WA to INT Delay 
tlHWR 
CL = 50pF 
70 
100 
130 
150 
(Stand-Alone) 
ns 


Data Access Time After INT 
'ID 
10 
50 
65 
75 
ns 


Note 1: Total unadjusted error includes offset, full-scale and linearity errors. 
Note 2: Sample tested at +25°C by Quality Assurance to ensure compliance. 
Note 3: Guaranteed by design. 
Note 4: All input control signals are specified with tR = tF = 20ns (10% to 90% of +5V) and timed from a voltage level of 1.6V. 
Note 5: Defined as the time required for an output to cross O.BVor 2.4 V. 
Note 6: Defined as the time required for the data lines to change 0.5V. 
Note 7: For faster conversions 
use WA-AD Mode. 


CMOS High Speed A/D Converter 
with Track/Hold Function 


PIN 
NAME 
FUNCTION 


1 
V'N 
Analog input; range = GND < V'N < Voo. 


2 
DBO 
Three-state data output, bit 0 (LSB). 


3 
DB1 
Three-state 
data output, bit 1. 


4 
DB2 
Three-state 
data output. bit 2. 


5 
DB3 
Three-state data output. bit 3. 


6 
WR/RDY 
WRITE control input/READY 
status output. 


See Digital Interface section. 


7 
MODE 
Mode selection input. This input is 
internally 
pulled low with a 50IJA current 
source. 


RD Mode: MODE low/open. 
WR-RD Mode: MODE high. 


8 
RD 
READ input. RD must be low to access data. 
See Digital Interface section. 


9 
INT 
INTERRUPT output. INT going low indicates 
the completion 
of a conversion. 
See Digital 
Interface section. 


10 
GND 
Ground. 


________ 
Digital 
Interface 


RD Mode (Pin 7 Low} 


A conversion 
is started 
by taking 
RD low and keep- 
i!!9Jt 
low until 
output 
data appears 
(Figure 
1). Pin 6 
(WR/RDY) 
is configured 
as a status output 
(RDY) 
in 
this mode, 
and is used with 
microprocessors 
which 
can 
be forced 
into 
a WAIT 
state. 
The 
processor 
starts 
a conversion, 
waits, 
and then 
reads data with 
a single 
READ 
instruction. 
RDY, an open 
collector 
output, 
goes 
low 
after 
the 
falling 
edge 
of CS and 
~s 
high 
impedance 
at the end of the conversion. 
INT 
goes 
low 
at the 
end 
of 
th!Lj;onversion 
and 
returns 
high on the rising 
edge of CS or RD. 


WR·RD Mode (Pin 7 High} 


In the WR-RD 
mode, 
pin 6 (WR/RDY) 
is the WRITE 
input 
for the 
converter. 
With 
CS low, a conversion 
starts 
on the falling 
edge of WR. There 
are several 
options 
for reading 
data: 


Using the Internal Delay 


The processor 
waits for INT to go low before 
reading 
data 
(Figure 
2). INI.Jypically 
goes 
low 600ns 
after 
the 
rising 
edge 
of WR...,indicating 
that 
the 
conver- 
sion is complete. 
With CS low, DBO-DB7 
are read by 
pu.lli.!J.gRQJow. 
INT is then reset on the rising 
edge 
of CS or RD. 


Reading Before Delay 


The conversion 
time 
is externally 
controlled 
with RD 
(Figure 
3). The 
status 
of INT 
is ignored 
and RD is 
taken 
low as soon 
as 600ns after the rising 
edge of 


PIN 
NAME 
FUNCTION 


11 
VREF 
Lower limit of reference span. Sets the zero 
code voltage. Range: GND to VREF +. 


12 
VREF + 
Upper limit of reference span. Sets the Full 
Scale input voitage. Range: VREF - to Voo. 


13 
CS 
CHIP-SELECT 
input. CS must be low for the 


device to recognize WR or RD inputs 


14 
DB4 
Three-state data output. bit 4. 


15 
DB5 
Three-state data output. bit 5. 


16 
DB6 
Three-state data output. bit 6. 


17 
DB7 
Three-state data output. bit 7 (MSB). 


18 
OFL 
Overflow O~t. 
If the analog input is greater 


than VREF +, OFL will be high at the end of the 
conversion. It can be used to cascade two or 
more devices to increase resolution. 


19 
N.C. 
Test Pin (No Connect) 


20 
Voo 
Power supply voltage, +5V. 


WR. 
This 
completes 
the 
conversion 
and 
enables 
DBO-DB7. 
INT goes low after the falling~e 
of RD 
and is reset on the rising 
edge of RD or CS. 


Plpellned 
Operation 


."..EJpelined" operation 
is achieved 
by tying 
WR and 


RD together 
(Figure 
4). With CS low, taking 
WR and 


RD low starts 
a new 
conversion 
and, 
at the same 
time, 
reads the result 
of the previous 
conversion. 


Stand-Alone 
Operation 


In stand-alone 
operation, 
CS and 
RD are tied 
low 
and 
a conversion 
is initiated 
by 
pulling 
WR 
low 
(Figure 
5). Output 
data~alid 
approximately 
600ns 
after the rising 
edge of WR. 


Analog Considerations 


Reference Input 


The 
VREF(+) 
and 
VREF(-) 
inputs 
of the converter 
set 


the full-scale 
and zero input 
voltages. 
The voltage 
at 
VREF(-) 
defines 
the 
input 
level 
which 
produces 
an 
output 
code of all zeroes, and the voltage 
at VREF(+) 


defines 
the input 
which 
produces 
an output 
code 
of 


all ones 
(see Figure 
6). Figure 
7 shows 
some 
refer- 
ence configurations. 


BypeN/ng 


A 47j.lF electrolytic 
and 0.1}.1Fceramic capacitor 
should 
be used to 
bypass 
the 
VDD 
pin to 
GND. 
The 
lead 
length 
of 
these 
capacitors 
should 
be as short 
as 


possible. If the reference 
inputs (pins 11, 12) are driven 
by long lines, they also should 
be bypassed 
to GND 
with 0.1 }.IFcapacitors 
at the reference 
input pins. 


CMOS High Speed A/D Converter 


with Track/Hold Function 
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Input Current 


The 
ADC0820 
analog 
input 
behaves 
somewhat 
differently 
from 
conventional 
NO 
converters. 
The 
ADC0820 takes varying amounts of current from the 
input depending on the operating cycle of the NO. 


During the input sampling phase (WR = LOW in the 
(WR-RD Mode) input capacitors 
must be charged to 
the input voltage through 
the resistance 
of internal 
analog 
switches 
(about 
2kO to 5kO). 
In addition, 
about 
12pF 
of 
stray 
capacitance 
(Cs) 
must 
be 
charged. 
An equivalent 
RC model 
of the 
input 
is 
shown 
in 
Figure 
8. The 
45pF 
input 
capacitance 
allows 
source 
resistances 
(Rs) of up to 1kO to be 
used 
without 
increased 
settlin-9...Jime. 
For 
larger 
resistances, 
the 
width 
of the WR 
pulse 
must 
be 
increased 
from 600ns. In the RD mode, where the 
sample 
time 
is fixed, 
Rs greater 
than 
1kO 
may 
cause settling 
errors. 
In this ca~use 
the WR-RD 
mode 
and greater 
than 
600ns RD time, 
or use a 
buffer to drive the analog input. 


Input Fllte,'ng 


The ADC0820's sampled data comparators 
generate 
input transients 
at VIN. This does not degrade 
per- 
formance since the NO only "looks" at the input after 
these transients 
occur. 
It is not necessary 
to filter 
these transients with an external capacitor 
at the VIN 
terminal. 


Inlle,ent »ack-and-Hold 


The ADC0820 can measure a variety of high speed 
input signals without the help of an externa.Lgmple- 
and-hold. The input is tracked from the time WR goes 
low (in the WR-RD 
mode) to approximately 
100ns 
after 
it returns 
high. 
Input 
signals 
with 
slew rates 
typically 
up to 200mVl~s can be converted 
without 
error. 


~~r-D> 
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________ 
General Description 


The Maxim ICL7106 and ICL7107 are monolithic analog 
to digital converters. 
They have very high input imped- 


ances and require no external display drive circuitry. On- 
board active components 
include polarity and digit driv- 
ers, segment 
decoders, 
voltage 
reference 
and a clock 


circuit. The ICL7106 will directly drive a non-multiplexed 
liquid crystal display (LCD) whereas the ICL7107 will di- 
rectly drive a common anode light emitting diode (LED) 
display. 


Versatility 
and accuracy 
are inherent features 
of these 


converters. 
The dual-slope 
conversion 
technique 
auto- 
matically rejects interference 
signals common in industri· 
al environments. 
The true differential input and reference 


are particularly useful when making ratiometric measure- 
ments (ohms or bridge transducers). 
Maxim has added a 


zero-integrator 
phase to the ICL7106 and ICL7107, elimi- 


nating overrange hangover and hysteresis effects. Final- 
ly, these devices offer high accuracy by lowering rollover 
error to less than one count and zero reading drift to less 
than 1p.VrC. 
___________ 
Applications 


These devices 
can be used in a wide range of digital 


panel meter applications. 
Most applications, 
however, in- 
volve the measurement 
and display of analog data: 


Pressure 
Conductance 


Voltage 
Current 
Resistance 
Speed 


Temperature 
Material Thickness 


FULL SCALE 
INPUT 


2.000 V 
200.0 
mV 
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_____________ 
Features 


• 
Improved 
2nd 
Sourcel 
(See 
3rd page for 


"Maxim Advantage'·") 


• 
Guaranteed 
first reading 
recovery 
from 
overrange 


• 
On board 
Display 
Drive Capability-no 
external 


circuitry 
required 
LCD·ICL7106 
LED·ICL7107 


• 
High Impedance 
CMOS 
Differential 
Inputs 


• 
Low Noise 
« 
15p.V p.p) without 
hysteresis 
or 


overrange 
hangover 


• 
Clock and Reference 
On-Chip 


• 
True Differential 
Reference 
and Input 


• 
True Polarity 
Indication 
for Precision 
Null 
Applications 


• 
Monolithic 
CMOS design 


_______ 
Orderlng Information 


PART 
TEMP. RANGE 
PACKAGE 
ICL7106CPL 
O'Cto +70'C 
40 Lead PlasticDIP 
ICL7106CJL 
O'Cto +70'C 
40 LeadCERDIP 


ICL7106CQH O'Cto +70'C 
44 LeadPlasticChipCarrier 


ICL7106C/D 
O'Cto +70'C 
Dice 
ICL7107CPL 
O'Cto +70'C 
40 Lead PlasticDIP 
ICL7107CJL 
O'Cto +70'C 
40 LeadCERDIP 


ICL7107CQH O'Cto +70'C 
44 Lead PlasticChip Carrier 


ICL7107C/D 
O'Cto +70'C 
Dice 


Iu; osc 1 
~ 
OSC2 
~ 
OSC3 
~ 
TEST 
~ 
REF HI 


~ 
Rf=FLO 
~ 
C.REr 


" 
CREF 


2 
COl-OotON 


, 
IN HI 
IN LO 
A/Z 
SUFF 


2 
INT 
v· 
G2(TENS) 
C3, 
A3 
100'S 
G3--.J 
SP(71 06) GND(71 07) 


v· 
1 
• 
101 
I 
Cl 


l~'S ~j~ 


02 
• 
C2 
10 


10'S 
:~;' 


I 
~:: 
10315 


100'S 
S3 
, 
L~~: 
1000'S-AS4 
, 
POL 


(t.4INUSSIGN)'~----"" 


The "Maxim Advantage"" 
signifies an upgraded quality level. At no additional cost we offer a second·source device that is subject to the 
following: 
guaranteed performance 
over temperature 
along with tighter test specifications 
on many key parameters; and device 
enhancements, when needed, that result in improved performance without changing the functionality. 


-- 


3~ Digit A/D Converter 


ABSOLUTE MAXIMUM RATINGS 


Supply 
Yoltage 


ICL7106, 
Y+ 
to Y- 
15Y 
ICL7107, 
Y+ 
toGND 
+6Y 
ICL71 07, Y- 
toGND 
-9Y 
Analog 
Input Yoltage 
(either 
input)(Note 
1) 
Y+ 
to Y- 
Reference 
Input Yoltage 
(either 
input) 
Y+ 
to Y- 


Clock 
Input 
ICL7106 
TEST to Y+ 
ICL7107 
GND to Y+ 


Hote1: 
Input voltages 
may exceed 
the supply voltages, 
provided 
the input current 
is limited to ± l00p.A. 


Note 
2: Dissipation 
rating assumes 
device 
is mounted 
with all leads soldered 
to printed 
circuit board. 


Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. These are stress ratings only and functional 
operation 
of the device at these 
or any other conditions 
above 
those indicated 
in the operational 
sections 
of the specifications 
is not implied. 
Exposure 
to absolute 


maximum 
rating conditions 
for extended 
periods 
may affect 
device 
reliability. 


Power 
Dissipation 
(Note 
2) 


Plastic 
Package 
1000mW 


Operating 
Temperature 
O°C to +70°C 


Storage 
Temperature 
-65°C 
to +160°C 


Lead 
Temperature 
(Soldering, 
60 see) 
+300°C 


CHARACTERISTICS 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Zero 
Input 
Reading 
VIN = O.OV 
-{)00.0 
±OOO.O 
+000.0 
Digital 
Reading 


Full Scale = 200.0mV 


Ratiometric 
Reading 
VIN = VREF 
999 
999/1000 
1000 
Digital 
Reading 


VREF = 100mV 


Rollover 
Error 
(Difference 
in 
-VIN = +VIN = 200.0mV 
-1 
~.2 
+1 
Counts 


reading 
for equal 
positive 
and 


negative 
reading 
near Full Scale) 


Linearity 
(Max. deviation 
from 
Full scale = 200mV 
-1 
±.2 
+1 
Counts 


best straight 
line fill 
or full 
scale = 2.000V 


Common 
Mode 
Rejection 
Ratio 
VCM = ±1 V, VIN = OV. 
~. 
50 
jlV/v 


(Note 
4) 
Full Scale = 200.0mV 


Noise 
(Pk-Pk 
value 
not exceeded 
VIN = OV 
15 
jlV 
95% of time) 
Full Scale = 2oo.0mV 


Input 
Leakage 
Current 
V,N = 0 
1 
10 
pA 


Zero 
Reading 
Drift 
V,N = 0 
0.2 
1 
jlVloC 
0° < TA < 70°C 


Scale 
Factor 
Temperature 
~ 


V,N = 199.0mV 
1 
5 
ppm/oC 


Coefficient 
0° < TA < 70°C 
(Ext. Ref. Oppm/oCI 


V' Supply 
Current 
(Does 
not 
VIN = 0 
0.8 
1.8 
mA 
include 
LED current 
for 7107) 


V- supply 
current 
7107 only 
0.6 
1.8 
mA 


Analog 
Common 
Voltage 
(With 
25kfl 
between 
Common 
& 
2.4 
2.8 
3.2 
V 
respect 
to Pos. Supplyl 
Pos. Supply 


Temp. 
Coeff. 
of Analog 
Common 
25kfl 
between 
Common 
& 
80 
ppm/oC 


(With 
respect 
to Pos. Supply) 
Pos. Supply 


7106 ONLY 
V' to V- = 9V 
4 
5 
6 
V 
Pk-Pk 
Segment 
Drive 
Voltage. 


Pk-Pk 
Backplane 
Drive 
Voltage 


(Note 
51 


7107 ONLY 
V' = 5.0V 
5 
8.0 
mA 
Segment 
Sinking 
Current 
Segment 
voltage 
= 3V 


(Except 
Pin 19) 


(Pin 19 onlyl 
10 
16 
mA 


Note 3: Unless otherwise 
noted. specifications 
apply to both the 7106 and 7107 at TA = 2S·C. fCLOCK = 48kHz. 7106 is tested in the circuit of Figu,e 1. 7107 is 


tested 
in the circuit of Figure 2. 


Note 
4: Refer 
to "Differential 
Input" discussion. 


Note 
5: Backplane 
drive is in phase wijh segment 
drive for "off" segment. 
180" out of phase for "on" segment. 
Frequency 
is 20 times conversion 
rate. Average 
DC 


component 
is less than 50mV. 


The electrical 
characteristics 
above are a reproduction 
of a portion 
of Intersil's 
copyrighted 
(1983/1984) 
dala book. 
This informstion 
does nol constitute 
any 


representation by Maxim that Inters/I's products will perform in accordance 
with these specifications. 
The "Electrical Characteristics 
Table" slong with the 


descriptive excerpts from the originsl manufacfurer's data sheet have been included in this data sheet solely for comparstive purposes. 
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• 
Key 
Parameters 
Guaranteed 
over 
Temperature 


• 
Negligible 
Hysteresis 


• 
Maxim 
Quality 
and 
Reliability 


• 
Increased 
Maximum 
Rating 
for 
Input 
Current 
(Note 
8) 


• 
Guaranteed 
Overload 
Recovery 
Time 


• 
Significantly 
Improved 
ESD Protection 
(Note 
7) 


• 
Low 
Noise 


ABSOLUTE 
MAXIMUM 
RATINGS: This deviceconformsto the AbsoluteMaximumRatingson adjacentpage. 


ELECTRICAL 
CHARACTERISTICS: 
Spec~icationsbelow satisfyor exceedall "tested" parameterson adjacentpage. 


(V+ = 9V; TA ~ 25'C; fCLOCK~ 48kHz;test circuit- Figure1; unlessnoted) 


PARAMETERS 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Zero 
Input 
Reading 
VIN = O.OV,Full Scale = 200.0mV 
TA = 25·C (Note 6) 
-000.0 
±OOO.O 
+000.0 
Digital 
0" s: T .••s: 70"C (Note 
10) 
-000.0 
±000.0 
+000.0 
Reading 


Ratlometrlc 
Reading 
VIN = VREF. VREF = 100mV 
TA = 25·C (Note 6) 
999 
999/1000 
1000 
Digital 
0" s: T.••s: 70"C (Note 
10) 
998 
999/1000 
1001 
Reading 


Rollover 
Error (Difference 
in 
- VIN = + VIN '" 
200.0mV 


reading 
for equal positive 
and 
TA = 25·C (Note 6) 
-1 
±.2 
+1 
Counts 
negative 
reading 
near Full Scale) 
O· :5 TA:5 70·e (Note 10) 
±.2 


Linearity (Max. deviation from 
Full Scale = 200.0mV 
-1 
±.2 
+1 
Counts 
best straiqht line fit) 
or full scale = 2.000V 


Common 
Mode Rejection 
Ratio 
VCM = ±1V, VIN = OV 
Full Scale = 200.0mV 
50 
IJ.VIV 


Noise (Pk-Pk value not exceeded 
VIN = OV 


95% of time) 
Full Scale = 200.0mV 
15 
)J.V 


Input 
Leakage 
Current 
VIN = 0 
TA = 25·C (Note 6) 
1 
10 
pA 
0"s:T 
.••S:70"C 
20 
200 


Zero Reading Drift 
VIN = 0 
O· s: TA s: 70·C (Note 6) 
0.2 
1 
IJ.VfOC 


Scale Factor Temperature 
VIN = 199.0mV 


Coefficient 
O· s: TA s: 70·C 
1 
5 
ppm/·C 
(Ext. Ref. OppmfOC) (Note 6) 


V+ 
Supply 
Current 
VIN = 0 


(Does 
not Include 
LED current 
TA = 25·C 
0.6 
1.8 
mA 


for 7107) 
0"s:T 
.•• S:70"C 
2 


V 
Supply Current (7107 only) 
0.6 
1.8 
mA 


Analog Common 
Voltage 
(with 
25kll 
between 
Common 
& 
2.4 
2.8 
3.2 
V 


respect to Pos. Supply) 
Pos. Supply 


Temp. Coeff. of Analog Common 
25kll 
between 
Common 
& 
75 
ppmfOC 


(with respect to Pos. Supply) 
Pos. Supply 


7106 Only (Note 5) 
V+ toV- 
= 9V 
4 
5 
6 
V 


Pk-Pk Segment 
Drive Voltage, 
Pk-Pk Backplane 
Drive Voltaqe 


7107 Only-Segment 
Sinking Current 
V+ = 5.0V 
5 
8.0 
mA 


(Except Pin 19) 
segment 
Voltage = 3V 


(Pin 19 only) 
10 
16 
mA 


7106 Only-Test 
Pin Voltage 
With Respect 
to V + 
4 
5 
6 
V 


Overload 
Recovery 
Time 
VIN changing 
from 
± 10V 
0 
1 
Measurement 
(Note 9) 
toOV 
Cycles 


Not. 
6: 
Test condition 
is V1N applied 
between pin IH-HI and IN-LO through 
a 1MO series resistor 8S shown in Figures 1 and 2. 


Note 7: All pins are designedto withstandelectrostaticdischarge(ESO)levals in excessof 2000V.(Testcircuit per Mil Std 883. Method3015.1) 
Note 8: Inputvoltages mayexceedthe supplyvoltage providedthe input currentis limitedto ± 1mA (ThisrevisesNote 1 on adjacentpage). 


Note 9: 
Number of measurement 
cycles for display to give accurate 
reading. 


Not. 10: 1MO resistor is removed 
in Figures 1 and 2. 
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Figure 1. Maxim ICLn06 Typical Operating Circuit 
__________ 
AnaloB Section 


Figure 3 shows the Block Diagram of the Analog Section 
for the ICL7136. Each measurement 
cycle is divided into 
four phases: 


1. 
Auto-Zero 
(A-Z) 


2. 
Signal Integrate (INT) 


3. 
Reference 
De-Integrate 
(01) 


4. 
Zero Integrator (ZI) 
Auto-Zero Phase 
Three events occur during auto-zero. 
The inputs, IN-HI 
and IN-LO, are disconnected 
from the pins and internally 
shorted 
to analog common. 
The reference 
capacitor 
is 
charged to the reference voltage. And lastly, a feedback 
loop is closed around the system to charge the auto-zero 
capacitor 
CAZ to compensate 
for offset voltages 
in the 
comparator, 
buffer amplifier and integrator. The inherent 
noise of the system determines 
the A-Z accuracy. 


Signal Integrate Phase 
The internal input high (IN-HI) and input low (IN-LO) are 
connected 
to the external pins, the internal short is re- 
moved and the auto-zero loop is opened. The converter 
then 
integrates 
the differential 
voltage 
between 
IN-HI 
and IN-LO for a fixed time. This differential 
voltage can 
be within a wide common-mode 
range (within one volt of 
either supply). If, however, the input signal has no return 
with respect to the converter power supply, IN-LO can be 
tied to analog common to establish the correct common- 
mode voltage. The polarity of the integrated signal is de- 
termined at the end of this phase. 
Reference De-Integrate 
IN-HI is connected 
across the previously charged refer- 
ence capacitor and IN-LO is internally connected 
to ana- 
log common. 
Circuitry within the chip ensures that the 
capacitor 
will be connected 
with the correct 
polarity to 
cause the integrator 
output to return to zero. The input 
signal determines 
the time required for the output to re- 
turn to zero. The digital reading displayed is: 


1000 X 
VIN 
VREF 


Figure 2. Maxim ICLn07 
Typical Operating Circuit 


Zero Integrator Phase 


Input low is shorted to analog COMMON and the refer- 
ence capacitor 
is charged 
to the reference 
voltage. 
A 
feedback loop is closed around the system to input high, 
causing 
the 
integrator 
output 
to 
return 
to zero. 
This 
phase normally lasts between 
11 and 140 clock pulses 
but is extended to 740 clock pulses after a "heavy" 
over- 


range conversion. 
Differential Reference 


The reference voltage can be generated anywhere within 
the power 
supply voltage 
of the converter. 
The 
main 


source of common-mode 
error is a rollover voltage. This 


is caused by the reference 
capacitor 
losing or gaining 
charge to stray capacitance 
on its nodes. The refere~ce 


capacitor can gain charge (increase voltage) If there IS a 
large common-mode 
voltage. This happens during de-in- 
tegration 
of a positive signal. In contrast, 
the referen?e 
capacitor will lose charge (decrease voltage) w~en de-in- 
tegrating a negative input signal. Rollover error IScaused 
by this difference 
in reference 
for positive 
or negative 


input voltages. This error can be held to less than half a 
count for the worst-case 
condition 
by selecting 
a refer- 


ence capacitor that is large enough in comparison to the 
stray capacitance. 
(See component 
value selection.) 
Differential Input 


Differential 
voltages 
anywhere 
within 
the common- 


mode range of the input amplifer 
can be accepted 
by 


the 
input 
(specifically 
from 
1V below 
the 
positive 


supply 
to 1.5V above 
the negative 
supply). 
The sys- 


tem 
has a CMRR 
of 86dS 
(typ) 
in this 
range. 
Care 


must 
be 
exercised, 
however, 
to 
ensure 
that 
the 


integrator 
output 
does 
not 
saturate, 
since 
the 
in- 


tegrator 
follows 
the common-mode 
voltage. 
A large 


positive 
common-mode 
voltage 
with a near full-scale 


negative 
differential 
input 
voltage 
is a worst-case 
condition. 
When most ofthe 
integrator 
output 
swing 
has been 
used 
up 
by the 
positive 
common-mode 


voltage, 
the negative 
input 
signal 
drives the integra- 
tor 
more 
positive. 
The 
integrator 
swing 
can be re- 
duced 
to less than 
the recommended 
2V full-scale 


swing 
with 
no 
loss 
of 
accuracy 
in these 
critical 
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applications. 
The integrator 
output 
can swing within 


0.3V of either 
supply 
without 
loss of linearity. 


Analog Common 


The primary purpose of this pin is to set the common- 
mode voltage for battery operation. This is useful when 
using the ICL7106, or for any system where the input 
signals are floating with respect to the power ~upply. A 
voltage of approximately 
2.8V less than the positive sup- 


ply is set by this pin. The analog common 
has some of 


the attributes 
of a reference voltage. 
If the total supply 


voltage 
is large enough to cause the zener to regulate 


(>7V), the common 
voltage will have a low outp~t. im- 


pedance (approximately 
1S0), a temperature 
coeff!c!ent 


of typically 
80ppm/"C, 
and 
a low voltage 
coefficient 


(.001%). 


The internal heating of the ICL7107 by the LED display 
drivers degrades 
the stability 
of. Analog ~mmon. 
The 


power 
dissipated 
by the LED display ~nvers 
changes 


with the displayed count, thereby changing the temper~- 
ture of the die, which in turn results in a small change In 
the Analog Common voltage. This combination 
of vari- 


able power dissipation, thermal resista~ce, and t~mpe.ra- 
ture coefficient 
causes 
a 2S-80/AoV Increase 
In nOise 


near full scale. Another effect of LED display driver pow- 
er dissipation can be seen at the tran~i~ion between a.full 
scale reading and an overload 
condition. 
Overload 
IS.a 


low power dissipation condition since the three least sig- 
nificant digits are blanked in overload. On the other hand, 
a near full scale reading such as 1999 has many seg- 
ments turned on and is a high power dissipation condi- 
tion. The difference 
in power dissipation 
between over- 


load and full scale may cause a ICL7107 with a negative 
temperature 
coefficient 
reference to cycle between over- 


load and a near full scale display as the die alternately 
heats and cools. An ICL7107 with a positive TC refer- 
ence will exhibit hysteresis under these conditions: 
once 


put into overload by a voltage just barely more than full 
scale, the voltage 
must be reduced 
by several counts 


before the ICL7107 will come out of overload. 


None of the above problems are encountered 
when us- 
ing an external reference. The ICL7106, with its !ow ~ow- 
er dissipation, 
has none of these problems 
with either 


an 
external 
reference 
or when using Analog Common 


"as a reference. 


During auto-zero and reference integrate the internal in- 
•• 
put low is connected 
to Analog Common. If IN-LO is dif- 
ferent 
from 
analog-common, 
a common-mode 
voltage 


exists in the system and is taken care of by the excellent 
CMRR of the converter. 
In some applications, 
however, 


IN-LO will be set at a fixed known voltage 
(e.g., power 


supply 
common). 
Whenever 
possible 
analog 
common 


should be tied to the same point, thus removing the com- 
mon-mode voltage from the converter. 
The same holds 


true for the reference 
voltage. 
If convenient, 
REF-LO 


should 
be connected 
to analog 
common. 
This will re- 


move the common-mode 
voltage from the reference sys- 


tem. 


Analog Common 
is internally tied to an N-channel 
FET 


that can sink 30mA or more of current. This will hold the 
Analog Common voltage 2.8V below the po.sitive s~pply 
(when a source is trying to pull the common line positIve). 
There is only 10/AoAof source current, ho:-vever, so COM- 
MON may easily be tied to a more negative voltage, thus 
over-riding the internal reference. 


_______________ 
T•• t 


Two functions are performed 
by the test pin. The first is 


using this pin as the negative supply for e~ernally 
gener- 


ated segment drivers or any other an~un~:Il~tors the user 
may want to include on the LCD. ThIS pin IS coupled to 
the internally 
generated 
digital supply th.rough a soon 


resistor. This application 
is illustrated in Figures S & 6. 


A lamp test is the second function. All segments will be 
turned 
on and the display should 
read 
-1888, 
when 


TEST is pulled high (V +). 


Caution: 
In the lamp test mode, the segments 
have a 


constant dc voltage (no square wave). This can burn the 
LCD if left in this mode for several minutes. 
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__________ 
DIglt81 Section 


The digital section for the ICL7106 and ICL7107 is illus- 
trated in Figures 8 and 9. In Figure 7, an internal digital 
ground is generated from a 6V zener diode and a large P- 
channel source follower. This supply is made stiff to ab- 
sorb the large capacitive 
currents when the back plane 
(BP) voltage is switched. The BP frequency is calculated 
by dividing the clock frequency by 800. For example, with 
a clock frequency of 48kHz (3 readings per second), the 
backplane 
will be a 60Hz square wave with a nominal 
amplitude 
of 5V. The segments 
are driven at the same 
frequency 
and amplitude. 
Note that 
these 
are out-of- 
phase when the segment is ON and in-phase when OFF. 
Negligible de voltage exists across the segments 
in ei- 
ther case. 


The ICL7107 is identical to.the 
ICL7106 except that the 
backplane and drivers have been replaced by N-channel 
segment drivers. The ICL7107 is designed to drive com- 
mon anode LED's with a typical segment current of 8mA. 
Pin 19 (thousands 
digit output) sinks current from two 
LED segments, and has a 16mA drive capability. 


The polarity indication is "on" for negative analog inputs, 
for both the ICL7106 and ICL7107. If desired IN-HI and 
IN-LO can be reversed giving a "on" 
for positive analog 
inputs. 


System Timing 


The clocking 
circuitry 
for the ICL7106 and ICL7107 
is 
illustrated in Figure 7. Three approaches 
can be used: 


1. 
A crystal between pins 39 and 40. 


2. 
An external oscillator connected 
to pin 40. 


3. 
An RC oscillator using all three pins. 


The decade counters are driven by the clock frequency 
divided by four. This frequency 
is then further divided to 
form the four convert-cycle 
phases, namely: signal inte- 


grate (1000 counts), 
reference 
de-integrate 
(0 to 2000 
counts), auto-zero (260 to 2989 counts) and zero integra- 
tor (11 to 740). 


The signal integration 
should be a multiple of 60Hz to 
achieve a maximum rejection of 60Hz pickup. Oscillator 
frequencies 
of 331f3kHz, 40kHz, 48kHz, 60kHz, 80kHz, 
120kHz, 240kHz, etc., should be selected. 
Similarly, for 
50Hz 
rejection, 
oscillator 
frequencies 
of 
200kHz, 


100kHz, 66%kHz, 
50kHz, 40kHz, etc., are appropriate. 


Note that 40kHz (2.5 readings/second) 
will reject both 
50 and 60Hz (also 400 and 440Hz). 


Auto-zero 
receives 
the 
unused 
portion 
of 
reference 
deintegrate 
for signals less than full-scale. 
A complete 
measurement 
cycle is 4,000 counts (16,000 clock puls- 
es), independent 
of input voltage. As an example, an os- 
cillator frequency of 48kHz would be used to obtain three 
readings per second. 
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Auto-Zero 
Capacitor 


The noise of the system is influenced 
by the auto-zero 
capacitor. 
For the 2V scale, a 0.047/LF capacitor is ade- 


quate. A capacitor 
size of 0.47/LF is recommended 
for 
200mV full scale where low noise operation 
is very im- 
portant. 
Due to the 
21 phase 
of Maxim's 
ICL71 0617, 


noise can be reduced by using a larger auto-zero capaci- 
tor without 
causing 
hysteresis 
or overrange 
hangover 
problems seen in other manufacturers' 
ICL71 0617 which 
do not have the 21 phase. 


Reference 
Capacitor 


For most applications, 
a 0.1/LF capacitor 
is acceptable. 


However, a large value is needed to prevent rollover er- 
ror where a large common-mode 
voltage exists (i.e., the 
REF-LO 
pin is not at analog 
common) 
and a 200mV 
scale is used. Generally, the roll over error will be held 
half a count by using a 1.0/LF capacitor. 


Integrating 
Capacitor 


To ensure 
that 
the 
integrator 
will 
not 
saturate 
(at 
approximately 
0.3V from either supply), 
an appropri- 
ate 
integrating 
capacitor 
must 
be 
selected. 
A 
nominal 
±2V 
full-scale 
integrator 
swing 
is accept- 
able 
for the 
ICL7106 
or ICL7107 
when 
the analog 
common 
is used as a reference. 
A nominal 
±3.5 to 4 
volt swing 
is acceptable 
for the ICL71 07 with 
a ±5V 
supply 
and analog 
common 
tied to supply 
ground. 


The nominal 
values for CINT is 0.22/LF forthree 
read- 
ings per second. 
(48kHz clock). 
These values should 
be changed 
in inverse 
proportion 
to maintain 
the 
same output 
swing 
if different 
oscillator 
frequencies 
are used. 


The integrating 
capacitor 
must have low dielectric 
ab- 
sorption 
to minimize linearity 
errors. Polypropylene 
ca- 
pacitors are recommended 
for this application. 


Integrating 
Resistor 


The integrator and the buffer amplifier both have a class 
A output stage with 100fJoAof quiescent current. 20fJoAof 
drive current can be supplied with negligible non-linearity. 
This resistor should be large enough to maintain the am- 
plifiers in the linear region over the entire input voltage 
range. 
The 
resistor 
value, 
however, 
should 
be 
low 
enough that undue leakage requirements 
are not placed 
on the PC boards. For a 200mV scale, a 47Kfi 
resistor is 
recommended; 
(2V scale/470Kfi). 


A 100Kfi 
resistor is recommended 
for all ranges of fre- 


quency. By using the equation f = 0.45/RC, 
the capaci- 


tor value can be calculated. 
For 48kHz clock, (3 read- 
ings/second), 
the oscillator 
capacitor 
plus stray capaci- 


tance should equal100pF. 


Reference 
Voltage 


An analog input voltage of VIN equal to 2 (VREF) is re- 
quired to generate full scale output of 2000 counts. Thus, 
for 2V and 200mV scales, VREF should equal 1V and 
100mV respectively. 
However, 
there 
will exist a scale 


factor other than unity between the input voltage and the 
digital reading 
in many applications 
where 
the AID 
is 


connected 
to a transducer. 


As an example, 
the designer 
may like to have a full 


scale reading 
in a weighing 
system 
when the voltage 


from 
the transducer 
is 0.682V. The designer 
should 


use the 
input 
voltage 
directly 
and 
select 
VREF at 


0.341 V instead 
of dividing 
the input 
down 
to 200mV. 


Suitable 
values 
of 
the 
capacitor 
and 
integrating 


resistor 
would 
be 0.22/LF and 120Kfi. 
This 
provides 


for a slightly 
quieter 
system 
and also avoids a divider 


network 
on the input. 
The ICL7107 
can accept 
input 


signals 
up 
to 
±3.5V 
with 
±5V 
supplies. 
Another 


advantage 
of this 
system 
occurs 
when 
the 
digital 


reading 
of zero is desired 
for VIN i' zero. 
Examples 


are temperature 
and weighing 
systems 
with variable 


tare. By connecting 
the voltage 
transducer 
between 


VIN positive 
and common, 
and the variable 
(or fixed) 


offset 
voltage 
between 
common 
and VIN negative, 


the offset 
reading 
can be conveniently 
generated. 


ICL7107 Power Supplies 


The ICL7107 is designed to operate from ± 5V supplies. 
However, when a negative supply is not available it can 
be generated 
from a clock output with two diodes, two 


capacitors, 
and an inexpensive 
IC. Refer to Figure 10. 


Alternatively 
a -5V 
supply can be generated using Max- 


im's ICL7660 and two capacitors. 


A negative supply is not required in selected applications. 
The conditions to use a single + 5V supply are: 


• 
An external 
reference 
is used. 


• 
The signal is less than ± 1.5V. 


• 
The input signal can be referenced 
to the center 
of 


the common-mode 
range of the converter. 


See Figure 18. 


______ 
Applications 
Information 


Heat is generated within the ICL7107 IC package due to 
the sinking of LED display current. Fluctuating chip tem- 
perature 
can cause a display to change 
reading if the 


internal voltage reference is used. By reducing the power 
being dissipated 
such variations 
can be reduced. 
The 


ICL7107 power dissipation 
is reduced 
by reducing the 


LED common anode voltage. The curve tracer illustration 
showing the relationship 
between the output current and 


the output voltage for typical ICL7107 is seen in Figure 
11. Note that the typicallCL71 07 output is 3.2V (point A), 
since the typical LED has 1.8V across it (8mA drive cur- 
rent) and its common anode is connected 
to + 5V. Maxi- 
mum power dissipation is: 


8.1mA x 3.2V x 24 segments = 622mW 


Once the ICL7107 output voltage is above 2V, the LED 
current is essentially constant as output voltage increas- 
es. Point B illustrates that reducing the output voltage by 
0.7V results in 7.7mA of LED current, (only 5% reduc- 
tion). The maximum power dissipation 
is a reduction 
of 


26% as calculated 
by: 


7.7mA x 2.5V x 24 segments = 462mW 


As illustrated 
in Figure 12, reduced power dissipation 
is 


easy to obtain. This can be accomplished 
by placing ei- 


ther a 5.1n resistor or a 1 amp diode in series with the 
display (but not in series with the ICL7107). Point C of 
Figure 
18 
illustrates 
that 
a 
resistor 
will 
reduce 
the 


ICL7107 output voltage when all 24 segments are "On". 
The 
output 
voltage 
will 
increase 
when 
segments 
are 


turned "Off". 
On the other hand, the diode will result in a 


relatively steady output voltage, around Point B. The re- 
sistor not only reduces the change in power dissipation 
as the display 
changes, 
but also limits the 
maximum 


power dissipation. 
This is due to the fact that as fewer 


segments are "On", 
each "On" 
output drops more volt- 
age and current. The resistor circuit will change 
about 


230mW when changing 
from the best case of six seg- 


ments, a "111" 
display, to worst-case 
of a "1888" 
dis- 


play. If the resistor 
is removed, 
the power 
dissipation 


change will be 470mW. The resistor, therefore, 
will re- 


duce the effect of display dissipation 
on reference 
volt- 
age drift by about 50%. 


As more segments 
are turned off, the change 
in LED 


brightness caused by the resistor is almost unnoticeable. 
A diode may be used instead of the resistor if it is impor- 
tant to maintain a steady level of display brightness. 
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Figure 
14. ICL7107 
Internal 
Reference. 
200mV 
Full Scale; 3 Readings 
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Ended 
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Common'~) 
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19. Thermocouple 
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Figure 21. BCD Output from 7-segment 
Drivers 
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______ 
General Description 


The 
ICL7109 
is a monolithic 
12 bit AID 
converter 
designed 
for 
easy 
interface 
with 
microprocessors 
and UARTs. The 12 bit binary 
plus polarity 
and over- 


range 
outputs 
can be directly 
interfaced 
to a micro- 
processor 
bus. In this mode the ICL7109 is controlled 
by the microprocessor 
through 
the chip 
select 
and 
two 
byte 
enable 
inputs. 
For 
remote 
data 
logging 


applications 
the ICL7109 outputs 
are easily converted 


to a UART 
handshake 
mode, 
working 
with 
industry 


standard 
UARTs to provide 
serial data transmission. 


This device offers 
high accuracy 
by lowering 
rollover 


error 
to less than 
1 count 
and zero reading 
drift 
to 


less than 
1 p.V/oC. In many data acquisition 
systems 


the 
ICL7109 
is 
an 
attractive, 
low 
cost, 
one-per- 


channel 
alternative 
to analog 
multiplexing 
due 
to 


its low power 
consumption 
and input 
bias current. 


Maxim 
has 
added 
a zero-integrator 
phase 
to the 


ICL7109, eliminating 
overrange 
hangover, 
"crosstalk" 


and hysteresis 
effects. 
Maxim 
has also increased 
the 


current 
sourcing 
capabilities 
of the ICL7109, enabling 


it to rapidly 
drive the large capacitances 
often found 


on microprocessor 
busses. 
__________ 
Applications 


This device 
is used in a wide range of data acquisition 


and control 
applications. 
Most 
applications 
involve 


the measurement 
of analog 
data: 
Pressure 
Speed 
Resistance 
Flow 
Temperature 
Power 


Voltage 
Weight 
Current 


AflAXIA/I 
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12 Bit A/D Converter With 
3-State Binary Outputs 


____________ 
Features 


•. 
Improved 2nd Source! (See 3rd page for 
"Maxim Advantage'""). 


• 
Zero Integrator Phase for Fast Overload 
Recovery 


• 
Hysteresis and "Crosstalk" Eliminated 


• 
Enhanced Bus Driving Capability 


• 
Byte Organized Three-state Outputs 


• 
UART Handshake Mode for serial Interfacing 


• 
li'ue Differential Input and Reference 


• 
Up to 30 Conversions per second 


• 
Significantly Improved ESD Protection 


PART 
TEMP. 
RANGE 
PACKAGE 


ICL7109MJL 
-55°C to +125°C 
40 Lead CERDIP 


ICL71091JL 
-20°C to +85°C 
40 Lead CERDIP 


ICL7109CPL 
O°C to +70°C 
40 Lead Plastic 
DIP 


ICL7109CQH 
O°C to +70°C 
44 Lead Plastic Chip Carrier 


ICL7109C/D 
O°C to +70°C 
Dice 


LOW 
ORDER 
BYTE 
OUTPUTS 


The "Maxim Advantage'"'' signifies an upgraded quality level. At no additional cost we offer a second-source 
device that is subject to the following: guaranteed 
performance 
over temperature along with tighter test specifications on many key parameters; and device enhancements. 
when needed, that result in improved 
performance 
without changing 
the functionality. 


•• 


12 Bit A/D Converter With 
3-State Binary Outputs 


ABSOLUTE MAXIMUM 
RATINGS 
Positive Supply Voltage (GND to v+) 
+6.2V 
Negative Supply Voltage (GND to V') 
-9V 
Analog Input Voltage (Lo or Hi) (Note 1) 
V+ to V' 


Reference Input Voltage (Lo or Hi) (Note 1) .. 
V+ to V· 


Digital Input Voltage 
(Pins 2-27) (Note 2) .... 
GND - 0.3V :s VIN:s V+ + 0.3V 
Power Dissipation (Note 3) 
Cerdip Package 
1W @ +85°C 
Plastic Package 
500mW @ +70°C 
Plastic Chip Carrier (Quad) 
400mW @ +70°C 


Operating Temperature 
Cerdip Package (MJL) 
....•... 
-55°C:S TA:S +125°C 


Cerdip Package (CJL) 
-20°C:S TA:S +85°C 


Plastic Package (CPL) 
O°C:S TA:S +70°C 


Plastic Chip Carrier 
(Quad) Package (Q) 
O°C:S TA:S 70°C 


Storage Temperature 
-65°C:S TA:S +160°C 


Lead Temperature (Soldering, 10 sec.) 
+300°C 


Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. These are stress ratings only, 
and functional 
operation of the device at these or any other conditions 
above those indicated in the operational 
sections of the specifications 


is not implied. 
Exposure to absolute 
maximum 
rating conditions 
for extended 
periods may affect device reliability. 


ELECTRICAL CHARACTERISTICS 
(All parameters 
with V+ ; +5V, V-; 
-5V, GND; 
OV, TA; 
25°C, unless noted.) 


ANALOG 
SECTION 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Zero Input Reading 
VIN; 
O.OV 
-00008 
±00008 
+00008 
Octal 


Full Scale; 
409.6mV 
Reading 


Ratiometric 
Reading 
VIN; 
VREF 
37778 
37778 
40008 
Octal 


VREF; 
204.8mV 
40008 
Reading 


Non-Linearity 
(Max deviation 
Full Scale; 
409.6mV to 4.096V 
-1 
±.2 
+1 
Counts 
from best straight 
line fit) 
Over full operating 
temperature 
range. 


Roll-over 
Error (difference 
in 
Full Scale; 
409.6mV to 4.096V 
reading for equal pos. and 
Over full operating 
temperature 
range. 
-1 
+.2 
+1 
Counts 


neg. inputs 
near full scale) 


Common 
Mode Rejection 
Ratio 
CMRR 
VCM±1V, VIN ; OV 
50 
p,V/V 
Full Scale; 
409.6mV 


Input Common 
Mode Range 
VCMR 
Input Hi. Input Low. Common 
V-+l.5 
V+ -1.5 
V 


Noise (p-p value not 
en 
VIN; 
OV 
15 
p,V 
exceeded 
95% of time) 
Full Scale; 
409.6mV 


VIN ; 0 All devices 25°C 
1 
10 
pA 


Leakage current 
at Input 
IILK 
ICL7109CPL 
O°C:5 TA:5 +70°C 
20 
100 
pA 


ICL71091DC -25°C :5 TA:5 +85°C 
100 
250 
pA 
ICL7109MDL 
-55°C:5 
TA:5 +125°C 
2 
5 
nA 


Zero Reading 
Drift 
VIN; 
OV 
0.2 
1 
p,V/oC 


Scale Factor Temperature 
, 
VIN ; 408.9mV ; 
> 77708 reading 
5 
ppm/oC 
Coefficient 
Ext. Ref. 0 ppm/oC 
1 


Supply 
Current 
V+ to GND 
I'" 
VIN ; O. Crystal 
Osc. 
700 
1500 
p,A 


3.58MHz test circuit 
Supply 
Current 
V+ to V- 
Isupp 
Pins 2-21, 25, 26, 27, 29, open 
700 
1500 
p,A 


Ref Out Voltage 
VREF 
Referred to V+, 25kll 
-2.4 
-2.8 
-3.2 
V 
between V+ and REF OUT 


Ref Out Temp. Coefficient 
25kll 
between V+ and REF OUT 
80 
ppm/oC 


V+ -0.5 
Input Common 
Mode Range 
VCM 
IN HI, IN La, COMMON 
V-+l.5 
to 
V+ -1.0 
V 
V-+l.0 


Note 1: 
Input voltages may exceed the supply voltages, provided 
the input current 
is limited to ±loo 
p,A. 


Note 2: 
Due to the SCR structure 
inherent 
in the process used to fabricate 
these devices, connecting 
any digital 
inputs or outputs 
to 


voltages greater than V+ or less than GND may cause destructive 
device latch up. Forthis 
reason it is recommended 
that no inputs 


from sources other than the same power supply be applied to the ICL7109 before its power supply is established, 
and that in 
multiple 
supply systems the supply to the ICL7109 be activated first. 


Note 3: 
This limit refers to that of the package and will not be obtained 
during 
normal operation. 


The electrical 
characteristics 
above are a reproduction 
of a portion 
of In/ersil's copyrighted 
(1983/1984) 
data book. This information 
does 


not constitute 
any representation 
by Maxim that fntersil's products 
will perform 
in accordance 
with these specifications. 
The "Electrical 
Characteristics 
Tabfe" along with descriptive 
excerpts 
from the original 
manufacturer's 
data sheet have been incfuded in this data sheet 


safely for comparative 
purposes. 
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12 Bit A/D Converter With 


3-State Binary Outputs 


• 
Zero Integrator 
Phase ensures fast overload 


recovery 


• 
"Crosstalk" 
and Hysteresis 
Eliminated 


• 
Bus Driving Capability 
Enhanced 


• 
Maxim Quality and Reliability 


ELECTRICAL CHARACTERISTICS 
(V+ = +5V, v- = -5V, GND 
= OV, TA = 25°C; 
Test Circuit 
Figure 
1; unless 
noted.) 


ANALOG SECTION 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Measure- 
Overload Recovery Time 
0 
1 
ment 
Cycles 


Zero Input Reading 
VIN = O.OV 
-00008 
±00008 
+00008 
Octal 


Full Scale = 409.6mV 
Reading 


Ratiometric 
Reading 
VIN = VAEF 
37778 
37778 
40008 
Octal 


VAEF= 204.8mV 
40008 
Reading 


Non-Linearity 
(Max deviation 
Full Scale = 409.6mV to 2.048V 
Over full operating 
temperature 
range. 
-1 
±.2 
+1 
Counts 
from best straight 
line fit) 
(Note 5) 


Roll-over 
Error (difference 
in 
Full Scale = 409.6mV to 2.048V 


reading 
for equal pos. and 
Over full operating 
temperature 
range 
-1 
±.2 
+1 
Counts 
neg. inputs 
near full scale) 
(Note 5) 


Common 
Mode Rejection 
Ratio 
CMRR 
VCM±1V, VIN = OV 
50 
"VIV 
Full Scale = 409.6mV 


Input Common 
Mode Range 
VCMA 
Input Hi, Input Low, Common 
V-+l.5 
V+-l.5 
V 


Noise (p-p value not 
en 
VIN =OV 
15 
"V 
exceeded 
95% of time) 
Full Scale = 409.6mV 


VIN = OV All devices, TA = 25°C 
1 
10 
pA 


Leakage Current 
at Input 
IILK 
ICL7109CPL 
CO O°C S TA S +70°C 
20 
100 
pA 


ICL71091JL -20°C S TA S +85'C 
100 
250 
pA 


ICL7109MJL 
-55'C 
S TA S +125'C 
2 
5 
nA 


Zero Reading 
Drift 
VIN = OV 
0.2 
1 
"VloC 


Scale Factor Temperature 
VIN ~ 408.9mV ~ 77708 reading 
1 
5 
ppm/oC 
Coefficient 
Ext. Ref. 0 ppm/oC 


Supply 
Current 
V+ to GND 
1+ 
VIN = 0, Crystal 
Osc. 
700 
1500 
"A 


Supply 
Current 
V+ to V- 


3.58MHz test circuit 


Isupp 
Pins 2-21, 25, 26, 27, 29 open 
700 
1500 
"A 


Ref Out Voltage 
VAEF 
Referred to V+, 
-2.4 
-2.8 
-3.2 
V 
25kO between 
V+ and REF OUT 


Ref Out Temp. Coefficient 
25kO between V+ and REF OUT 
80 
ppm/oC 


Note 4: 
All 
pins are designed 
to withstand 
electrostatic 
discharge 
(ESD) levels in excess 
of 2000V (test circuit 
per Mil Std 883, 
Method 3015.1). 


Note 5: 
A 4.096V full scale voltage exceeds the Common 
Mode Voltage Range of the device. The full scale voltage has therefore 
been 
changed 
to 2.048V. 


12 Bit AID Converter With 
3-State Binary Outputs 


ELECTRICAL CHARACTERISTICS 
(All parameters with v+ = +5V, v- = -5V, GND = OV,TA = 25°C, unless noted.) 


DIGITAL SECTION 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Output High Voltage 
VOH 
lOUT= 100ilA 
3.5 
4.3 
V 
Pins 2-16,18, 
19,20 


Output Low Voltage 
VOL 
lOUT= 1.6mA 
0.2 
0.4 
V 


Output Leakage Current 
Pins 3-16 high impedance 
, 
±.01 
±1 
I'A 


Control 
I/O Pullup Current 
Pins 18, 19,20 VOUT= V+ -3V 
l 
, 


5 
I'A 
MODE input at GND 


Control 
I/O Loading 
HBEN Pin 19 LBEN Pin 18 
,- 
50 
pF 


Input High Voltage 
V,H 
Pins 18-21, 26, 27 
n"J(: 
2.5 
V 
referred to GND 


Pins 18-21, 26, 27 
,- 


Input Low Voltage 
V,l 
referred to GND 
1 
V 


Input Pull-up Current 
Pins 26, 27 VOUT= V+ -3V 
5 
I'V 
Input Pull-up Current 
r·~·, 
Pins 17, 24 VOUT= V+ -3V 
25 
I'A 


Input Pull-down 
Current 
Pin 21 VOUT= GND +3V 
5 
I'A 


Oscillator 
Output Current 
High 
OOH 
VOUT= 2.5V 
1 
mA 


low 
OOl 
VOUT= 2.5V 
1.5 
mA 


Buffered Oscillator 
High 
BOOH 
VOUT= 2.5V 
2 
mA 


Output Current 
Low 
BOOl 
VOUT= 2.5V 
5 
mA 


MODE Input Pulse Width 
tw 
50 
ns 


The electrical 
characteristics 
above are a reproduction 
of a portion 
of Intersil's copyrighted 
(1983/1984) 
data book. This information 
does 


not constitute 
any representation 
by Maxim that fntersil's 
products 
will perform 
in accordance 
with these specifications. 
The "Efectricaf 
Characteristics 
Table" along with descriptive 
excerpts 
from the original 
manufacturer's 
data sheet have been included 
in this data sheet 


solely for comparative 
purposes. 
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12 Bit A/D Converter With 


3-State Binary Outputs 


ELECTRICAL CHARACTERISTICS 
Specifications 
below satisfy or exceed all "tested" 
parameters on adjacent 
page. 
--n 


(v+ ~ +5V, v- ~ -5V, GND ~ OV, TA ~ 25°C, unless noted.) 


DIGITAL SECTION 
"'1 
~i 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Output 
High Voltage 
VOH 
Pins 2-16, 18-20. IOllT ~ 1mA 
3.5 
4.3 
V 
IOllT ~ 100/lA 
4.0 
4.5 
V 


Output 
Low Voltage 
VOL 
lOUT~ -1.6mA 
0.2 
0.4 
V 


Output 
Leakage Current 
Pins 3-16 high impedance 
. 
±.01 
±1 
/lA 


Control 
1/0 Pull up Current 
Pins 18, 19, 20 VOUT~ V' -3V 
2 
5 
20 
JJ.A 
MODE Input at GND 


Control 
1/0 Loading 
HBEN Pin 19, LBEN Pin 18 
50 
pF 


Input High Voltage 
VIH 
Pins 18-21, 26, 27 
2.5 
V 
referred 
to GND 


Input Low Voltage 
VIL 
Pins 18-21, 26, 27 
1 
V 
referred 
to GND 


Input Pull-up 
Current 
Pins 26, 27 VOUT = V+ -3V 
2 
5 
20 
/lA 


Input Pull-up 
Current 
Pins 17, 24 VOUT = v+ -3V 
5 
100 
300 
/lA 


Input Pull-down 
Current 
Pin 21 VOUT = GND +3V 
2 
5 
20 
JJ.A 


Oscillator 
Output 
High 
OOH 
VOUT= 2.5V 
1 
2 
mA 


Current 
Low 
OOL 
VOUT= 2.5V 
1.5 
3 
mA 


Buffered 
Oscillator 
High 
BOOH 
VOUT= 2.5V 
2 
4 
mA 


Output 
Current 
Low 
BOOL 
VOUT= 2.5V 
5 
10 
mA 


MODE Input Pulse Width 
tw 
(Note 6) 
50 
ns 


Byte Enable Width 
tBEA 
(Note 6) 
350 
100 
ns 


Data Access Time 
tOAB 
(Note 6) 
150 
350 
ns 
from Byte Enable 


Data Hold Time 
tOHB 
(Note 6) 
100 
300 
ns 
from Byte Enable 


Chip Enable Width 
tCEA 
(Note 6) 
400 
120 
ns 


Data Access Time 
tOAC 
(Note 6) 
175 
400 
ns 
from Chip Enable 


Data Hold Time 
tOHC 
(Note 6) 
150 
400 
i 


ns 
from Chip Enable 


•• 
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PIN 
FUNCTION 
TYPE 
DESCRIPTION 


1 
GND 
Ground return for digital 
10gic,OV 


2 
STATUS 
Output 
HI = Converter in integrate 
phase, or deintegrate phase 
until data is latched 
LO = Converter in zero- 
integrator phase, auto-zero 
phase, or deintegrate phase 
after data is latched. 


3 
POL 
Polarity - 
HI = Positive input. 


4 
OR 
Overrange - 
HI = Overranged 


5 
B12 
Bit 12 = Most significant 
bit 


6 
B11 
Bit 11 


7 
B10 
Three 
Bit 10 


8 
B9 
state 
Bit 9 


9 
B8 
data 
Bit 8 


10 
B7 
output 
Bit 7 


11 
B6 
bits 
Bit 6 


12 
B5 
Bit 5 


13 
B4 
Bit 4 


14 
B3 
Bit 3 


15 
B2 
Bit 2 


16 
B1 
Bit 1 = Least significant 
bit. 


17 
TEST 
Input 
HI = Normal operation 
LO = All output bits high. 
MID = Counter output 
latches enabled. 
Connect to +5V if not used. 


18 
LBEN 
Input 
Low Byte Enable. 
When MODE is low and 
CE/LOAD is low, taking 
Low Byte Enable low 
activates low order byte 
outputs B1-B8. 


Output 
In handshake mode (when 
MODE is HI) this pin 
becomes a low byte 
flag output. 


19 RBEJij 
Input 
High Byte Enable. 
When MODE is low and 
CE/LOAD is low, taking 
High Byte Enable low 
activates high order byte 
outputs B9-B12, POL & OR. 
Output 
In handshake mode (when 
MODE is HI) this pin 
becomes a high byte 
flag output. 


20 
CE/LOAD 
Input 
When MODE is low, taking 
Chip Enable/Load high 
disables B1-B12, POL & OR. 
Taking it low enables 
B1-B12, POL & OR if 
HBEN and LBEN are low. 


Output 
In handshake mode (when 
MODE is HI) this pin becomes 
a load strobe output. 


PIN 
FUNCTION 
TYPE 
DESCRIPTION 


21 
MODE 
Input 
LO = Converter in direct 
o~~Nt 
mode. Makes LBEN, 


H 
& cr7ITiAD act as 
inputs controlling 
byte 
outputs directly. 
HI = Converter in handshake 
mode. Makes LBEN, HBEN & 
CE/LOAD act as outputs. 


22 
OSCIN 
Input 
Oscillator input. 


23 
OSC OUT 
Output 
Oscillator output. 


24 
OSC SEL 
Input 
Taking Oscillator Select 
high or leaving it open 
configures 
OSC IN, OSC 
OUT & BUF OSC OUT as 
an RC oscillator. Clock 
frequency 
= BUF OSC OUT 
frequency. Taking it low 
configures 
OSC IN & OSC 
OUT for crystal oscillators. 
Clock frequency 
= BUF OSC 
OUT frequency.;. 
58. 


25 
BUF OSC OUT 
Output 
Buffered Oscillator Output 


26 
RUN/HOLD 
Input 
HI = Continuous 
conversions 
every 8192 clock pulses. 
LO = Converter stops in 
auto-zero after completing 
the conversion 
in progress. 


27 
SEND 
Input 
Indicates ability of external 
device to accept data when 
converter is in handshake 
mode. Connect to +5V if 
not used. 


28 
V- 
Negative supply. Nominally 
-5V from GND. 


29 
REF OUT 
Output 
Reference voltage output. 
Nominally 
2.8V below V+. 


30 
BUFFER 
Output 
Buffer Amplifier 
Output. 


31 
AUTO-ZERO 
Inside foil of CAZ connects 
here. 


32 
INTEGRATOR 
Output 
Outside foil of CINTconnects 
here. 


33 
COMMON 
Analog Common. 


34 
INPUT LO 
Low side of differential 
input. 


35 
INPUT HI 
High side of differential 
input. 


36 
REF IN+ 
Positive input of differential 
reference. 


37 
REF CAP+ 
Positive side of reference 
capacitor. 


38 
REF CAP- 
Negative side of reference 
capacitor. 


39 
REF IN- 
Negative input of differential 
reference. 


40 
V+ 
Input 
Positive supply. Nominally 
+5V from GND. 
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CINT 


TINTEGRATOR 
---------- 
32 


AZ 
......- 
FROM CONTROL 
lNT 
.....-- 
LOGIC 


DEIHT (.) 
.....-- 
DIGITAL SECTION 


DEINT (-) 
.....-- 
21 
__ 


,3' 
I 
I 
1L 
_ 


REF OUT 


______ 
Detailed Description 


Analog Sect/on 


The equivalent 
circuit 
of the Analog 
Section 
of the 


ICL7109 is shown in Figure 2. The circuit will perform 
conversions 
at a rate determined 
by the clock 
fre- 
quencJ'~92 
clock 
periods 
per cycle) 
when 
the 


RUN/ROm 
input 
is left open 
or connected 
to V+. 


Each measurement 
cycle is divided 
into four phases 


as shown 
in Figure 3. They are: 


1. Auto-Zero 
(AZ) 
2. Signal 
Integrate 
(INT) 


3. De-integrate 
(DE) 


4. Zero Integrator 
(ZI) 


Auto-Zero 
Phase 


Three 
events 
occur 
during 
Auto-zero. 
The inputs, 
In-Hi 
and 
In-Lo, 
are disconnected 
from 
the 
pins 


and internally 
shorted to analog common. 
The refer- 


ence capacitor 
is charged 
to the reference 
voltage. 


Lastly, a feedback 
loop is closed around the system 


to charge the auto-zero capacitor 
CAZto compensate 


for offset voltages in the comparator, 
buffer amplifier 


and 
integrator. 
The 
inherent 
noise 
of the system 


determines 
the A-Z accuracy. 
In any event, the offset 


referred to the input is less than 10 p.V. 


Signal Integrate 
Phase 


The internal 
input high (In-Hi) and input low (In-Lo) 


are connected 
to the external pins, the internal short 
is removed 
and the auto-zero 
loop is opened. 
The 


converter 
then 
integrates 
the 
differential 
voltage 


between 
In-Hi 
and 
In-Lo 
for a fixed 
time of 2048 


clock periods. Note that this differential 
voltage must 


be within the common 
mode range of the inputs. The 


polarity 
of the integrated 
signal is determined 
at the 
~ 
end of this phase. 
••• 


De-Integrate 
Phase 


The third phase is De-integrate, 
also known as refer- 


ence 
integrate. 
Input 
high 
is internally 
connected 


across 
the previously 
charged 
reference 
capacitor 


and 
input 
low 
is internally 
connected 
to 
analog 


Common. The polarity detection 
circuit connects the 


reference 
capacitor 
with 
the polarity 
such that the 


integrator 
output 
returns 
with 
a fixed 
slope to the 


zero level established 
in the Auto-Zero 
phase. The 


time 
required 
for 
the 
output 
to 
return 
to 
zero 


(represented by the number of clock periods counted) 
is proportional 
to the input signal. 


Zero Integrator 
Phase 


Input 
low 
is shorted 
to analog 
Common 
and the 


reference 
capacitor 
is charged 
to 
the 
reference 


voltage. A feedback 
loop is closed around the system 


to input high, causing the integrator 
output to return 


rapidly 
to zero (See Figure 3). This phase normally 
lasts between 16 and 32 clock pulses but is extended 
to 1552 clock 
pulses after an overrange 
conversion. 


This phase will 
remove any residual 
charge 
left on 


the integrator 
capacitor 
after an overload 
reading. 


This Zero 
Integrator 
phase virtually 
eliminates 
the 


problem of interaction 
or "crosstalk" 
between the vari- 


ous channels 
of a Maxim 
ICL7109 based multiple 


channel 
data acquisition 
system. 
Without 
the zero 


integrator 
phase, an overload 
on one channel would 


leave 
charge 
on 
the 
integrator 
capacitor, 
which 


would 
then be transferred 
to the autozero 
capacitor 


during 
the autozero cycle, resulting 
in an erroneous 


reading 
for the next channel 
that is measured 
after 


the channel 
with the overload. 
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INTEGRATOR 
OUTPUT 
FOR 
OVER RANGE 
INPUT 


Differential 
Input 


Differential 
input 
voltages 
anywhere 
within 
the 


common-mode 
range of the input 
amplifier 
can be 
accepted 
(specifically 
from 
1.5V below 
the positive 
supply 
to 
1.5V above 
the 
negative 
supply). 
The 


system 
has a CMRR of 86dB typical 
in this range. 


For optimum 
performance 
the input voltage at In-Lo 
and 
In-Hi 
should 
not come within 
2 volts of either 


the positive 
or negative supply. 
Care must be exer- 
cised to ensure 
that the integrator 
output 
does not 
saturate, 
since 
the integrator 
also swings 
with the 
common-mode 
voltage. 
A large positive 
common- 
mode voltage with a near full-scale 
negative differen- 


tial 
input 
voltage 
is a worst-case 
condition. 
When 
most of the swing 
has been used up by the positive 
common-mode 
voltage, 
the 
negative 
input 
signal 
drives the integrator 
positive. 
The integrator 
output 
swing can be reduced to less than the recommended 
4V full-scale 
swing 
with 
little 
loss of accuracy 
in 


these 
critical 
applications. 
The 
integrator 
output 
can swing 
within 
0.3V of either supply 
without 
loss 
of linearity. 


The ICL7109 has been optimized 
for operation 
with 


analog common 
near digital ground. This allows for a 


4V full 
scale 
integrator 
swing 
positive 
or negative 
which 
maximizes 
performance 
of the analog section 
with ±5V power supplies. 


Differential 
Reference 


The reference 
voltage 
can be generated 
anywhere 
within the power supply voltage of the converter. The 
main source 
of common-mode 
error 
is a roll over 
voltage. 
This 
is caused 
by the reference 
capacitor 
losing or gaining 
charge to stray capacitance 
on its 


nodes. 
The 
reference 
capacitor 
can 
gain 
charge 


(increase 
voltage) 
if there is a large common-mode 


voltage. 
This 
is the 
result 
of a positive 
signal 
de- 


integration. 
In contrast, 
the reference 
capacitor 
will 


lose charge 
(decrease voltage) 
when de-integrating 


a negative 
input signal. 
Roll over error defines 
this 


difference 
in reference for positive or negative 
input 


voltages. This error can be held to less than one half 
count for worst-case 
condition 
by using an optimum 


reference capacitor. 
(See component 
valueselection.) 


By having the reference common 
mode voltage near 


or at analog COMMON, 
the roll-over error from these 


sources 
is minimized. 


___ 
Component Value Selection 


Care must be exercised 
in the selection 
of values 


for 
the 
integrator 
capacitor 
and 
resistor, 
auto- 


zero 
capacitor, 
reference 
voltage, 
and 
conversion 


rate for optimum 
performance 
of the analog 
sec- 


tion. 
The 
optimum 
values 
must 
be selected 
for 


each application. 


Integrating 
Resistor 


Both the integrator 
and buffer amplifier 
have a class 


A output 
stage with a quiescent 
current 
of 100 jJ.A, 


which can supply 20 jJ.Awith negligible 
non-linearity. 


The integrating 
resistor should be small enough that 


undue 
leakage 
requirements 
are not placed on the 


PC 
board, 
but 
large 
enough 
to 
keep 
the 
output 


current 
less than 
40 jJ.A. For 2.048 volt full scale, 


100kO is optimum 
and similarly 
a 20kO is optimum 


for a 409.6mV scale. For other full scale voltages, RINT 
should 
be selected 
by the relation 


RINT = 
full scale voltage 
(mV) 
kO 
20 jJ.A 


Integrating 
Capacitor 


CINT (the integrating capacitor) should be selected 
for maximum integrator output voltage swing with- 
out saturation of the integrator (at 0.3volt from either 
supply). A ±3.5 to ±4 volt integrator output swing is 
ideal for the ICL7109 with a ±5 volt supplies and 
analog common connected to GND. Nominal values 
for CINTand CAZareO.15JJ.Fand 0.33JJ.F,respectively, 
for 7% conversions 
per second 
(61.44kHz clock 


frequency). 
These values should 
be changed to 


maintain 
the 
integrator 
output 
voltage swing, 
if 


different clock frequencies are used. The value of 
CINTis generally given by 


CINT= 
(2048 x clock period) (20 JJ.A) 
JJ.F 
Integrator output voltage swing (V) 


To prevent roll-over and linearity errors a low dielec- 
tric absorption capacitor is required. Polypropylene 
capacitors give undetectable errors at reasonable 
cost up to 85°C. Teflon™capacitors are recommended 
for the military temperature range. Polypropylene 
and Teflon'· 
capacitors should give less than 0.5 


count 
of error due to dielectric 
absorption 
even 


though their absorption characteristics vary some- 
what from unit to unit. 


Auto-Zero 
Capacitor 


The Maxim ICL7109 has a zero integrator phase 
which ensures that any charge left on the integrator 
after an overrange reading is removed before the 
autozero phase is started. This zero integrator phase 
allows the use of larger values of autozero capacitors 
than allowed with other manufacturer's 
ICL7109s. 
Normally, the optimum value of the autozero capaci- 
tor is between 2 and 4 times the value of the integrator 
capacitor. The typical value of the autozero capacitor 
is0.33JJ.F.Lower valuesof CAZincreasethe noise in the 
autozero loop; very large values will take a longer time 
to charge to the proper value after power-up. 
The outer foil of CAZ should be connected to the 
RINT,CINTsumming junction and the inner foil to 
pin 31 for optimal rejection of stray pickup. Similarly, 
the inner foil of CINTshould be connected to the RC 
summing junction, and the outer foil of CINTshould 
be connected 
to pin 32. Above 85°C, Teflon'~ or 


equivalent 
capacitors 
are recommended for their 


low leakage characteristics. 


Reference 
Capacitor 


G~od results can be achieved in most applications 
with a 1 JJ.Fcapacitor. A larger value is required to 
prevent roll-over error where a 409.6mVscale is used 
and a large common mode voltage exists (I.e., the 
reference low is not at analog common). The roll- 
over error can generally be held to one half count by 
10JJ.FIn thiS case. Above 85°C, Teflon'·, orequivalent 
capacitors 
are again recommended for their low 


leakage characteristics. 
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Reference 
Voltage 


An analog input of VIN= 2 X VREFgenerates a full 
scale output of 4096 counts. For a normalized scale, 
a reference of 204.8mVshould be used for a409.6mV 
full scale (100 JJ.Vper LSB), and 1.024V reference 
should be used for a 2.048V full scale (500 JJ.Vper 
LSB). There will exist a scale factor other than unity 
between the absolute output voltage to be measured 
and a desired digital output in many applications 
where the AID is sensing the output of a transducer. 
In a weighing 
system, for example, the designer 


could possibly want a full scale reading when the 
voltage from the transducer 
is 0.682V. The input 


voltage should be measured directly and a reference 
voltage of 0.341V should be used instead of dividing 
the input down to 409.6mV. 34k!l and 0.15 JJ.Fare 
suitable 
values for 
the 
integrating 
resistor 
and 


capacitor. A divider on the input is thus avoided. 
When a zero reading is desired for non-zero input, 
another advantage of this system isrealized. Examples 
might include temperature and weight measurements 
with an offset or tare. The offset may be introduced 
by connecting the voltage output of the transducer 
between common and analog high, and the offset 
voltage between common and analog low, observing 
polarities carefully. It may be more efficient, however 
to perform this type of scaling or tare subtraction 
digitally using software in processor-based systems 
using the ICL7109. 


Reference 
Sources 


A major factor in the overall absolute accuracy of 
the converter is the stability of the reference voltage. 
The resolution of the ICL7109 at 12 bits is 244 ppm 
or one part in 4096. Therefore, a temperature differ- 
ence of 3°C will introduce a one-bit error if the refer- 
ence has atemperature coefficient of 80 ppmJOC(like 
the onboard reference). Where the ambient tempera- 
ture is not controlled or where high-accuracy absolute 
measurements are being made, an external high 
quality reference should be used. 
To generate asuitable reference voltage, the ICL7109 
provides a REFerence OUTput (pin 29)which may be 
used with a resistive divider. This output will sink up 
to about 20mA without a significant output variation. 
A pullup bias device which sources about 10 JJ.Ais 
also provided. The output voltage is nominally 2.8V 
below V+,and has a temperature coefficient of ±80 
ppm/oC typical. REF+ should be connected to the 
wiper of a precision 
potentiometer 
between REF 


OUT and V+,and REF OUT (Pin 29) should be con- 
nected to REF- (pin 39) when using the onboard 
reference. Shown in the test circuit is the circuit for 
a 204.8mV reference. The fixed resistor should be 
removed for a 1V reference, and a 25k!l precision 


-- 
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potentiometer 
between 
REF OUT 
and 
V+ should 
be used. 


Note that if pins 29 and 39 are tied together and pins 
39 and 40 accidentally 
shorted 
(e.g., during testing), 


the reference 
supply 
will 
sink sufficient 
current 
to 
destroy the device. By placing a 1kfl resistor in series 
with pin 39, this can be avoided. 


______ 
Detailed Description 


Digit.' Section 


The digital 
section 
(Figure 4) includes: 
1) the clock 
oscillator 
and 
divider 
circuit; 
2) 
a 
12-bit 
binary 
counter 
with 
output 
latches 
and TTL-compatible 
three-state 
output 
drivers; 
3) 
control 
logic; 
and 
4) UART handshake 
logic. 


Note: The term "clock cycles" 
as used in the follow- 


ing discussion 
relates to the internal clock, which 
is 
the oscillator 
output 
-;-58 when OSC SEL is low. 


Three-State 
Outputs 


The ICL7109 has 14 three-state 
outputs: 
12 data bits, 
1 polarity 
bit, and 1 overranae 
bit. These bits are 
enabled 
either 
by the CE/LOAD, 
LBEN and HBEN 
control 
signals 
(see Table 
2), or 
by entering 
the 
Handshake 
mode. 


CE/LOAD, 
LBEN, and HBEN 


These three control 
pins can function 
as either inputs 
or outputs. 
In the Direct interface 
mode (see "Inter- 
facing" 
below), these three pins are Chip Enable and 
Byte 
Enable 
inputs. 
In the Handshake 
mode these 
three 
pins become 
outputs 
that 
load data into the 


UART. These pins will be outputs while a handshake 
transfer 
is in progress 
or at any time that the Mode 


input is high. 


Run/Hold 
Input 


When the Run/Hold 
input 
is tied high, the ICL7109 


continuously 
performs 
A/D conversions 
with a fixed 


length 
of 8192 clock 
cycles 
per conversion. 
When 


Run/Hold 
is taken 
low, the ICL7109 will 
complete 


the conversion 
in progress, then wait in the autozero 


phase. After 
the minimum 
autozero 
time has been 


completed, 
a high-going 
pulse on Run/ROTa of at 


least 200 nanoseconds 
is required 
to start 
a new 


conversion; 
but any pulses during 
a conversion 
or 


up to 2048 clock 
cycles 
after Status goes low will 


be ignored. 
If the ICL7109 is holding 
at the end of 


the autozero 
phase, a new conversion 
will start and 


Status 
will 
go 
high 
within 
7 clock 
cycles 
after 
Run/Hold 
goes high. 


In addition 
to starting and stopping 
conversions, 
the 


Run/Hold 
pin can also 
be used to minimize 
con- 


version 
time. 
If Run/Hold 
is high, each conversion 


takes a full 8192 clock cycles, with the De-integrate 
phase taking 4096 clock cycles ind~dent 
of input 


voltage. On the other hand, if Run/RoTa is low at any 
time after Status goes low, the ICL7109 immediately 
jumps 
to the Auto-Zero 
phase rather than taking 
a 


full 4096 clock cycles for De-integrate. 
A simple way 


to ensure 
minimum 
conversion 
time is to drive the 


Run/Hold 
input with the Buffered 
Oscillator 
Output. 


When this is done, the conversion 
time is dependent 


on the input 
voltage: 
4096 clock 
cycles 
for a zero 


voltage 
input, 
rising 
to 8192 clock 
cycles 
for full 


scale or overrange 
inputs. 
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Mode Input 


The 
Mode 
input 
is used 
to control 
the 
converter 


output 
mode. 
The 
converter 
is in its Direct 
output 


mode, 
where 
the output 
data 
is directly 
accessible 


under 
the control 
of the chip and byte enable 
inputs 


when 
the Mode 
pin is low or left open. 
(To ensure 
a 


low level when 
the pin is left open, this input 
is pro- 


vided 
with 
an internal 
pulldown 
resistor.) 
When 
the 


Mode 
input 
is pulsed 
high, 
the converter 
enters 
the 


UART 
handshake 
mode and outputs 
the data in two 


bytes, 
then 
returns 
to "Direct" 
mode. The converter 


will 
output 
data 
in the handshake 
mode at the end 


of 
every 
conversion 
cycle 
when 
the 
Mode 
input 


remains 
high. 
(See "Handshake 
Mode" 
section 
for 


more 
details.) 


Send Input 


The Send 
Input 
is a handshake 
control 
input 
used 


during 
handshake 
transfers. 
The 
use 
of 
Send 
to 


control 
a handshake 
interface 
is discussed 
in the 


"Interfacing" 
section, 
below. 


The Maxim 
ICL7109 contains 
an improved 
power-up 


reset circuit 
that ensures 
that the ICL7109 powers 
up 


in the Direct 
mode if the Mode input 
is low, but other 


manufacturer's 
ICL7109s may power 
up in the Hand- 


shake 
mode 
even 
if the 
Mode 
input 
is held 
low. 
Although 
the Send input 
on the Maxim 
ICL7109 can 


be tied either 
high or low if only 
the Direct 
mode 
is 


used, other manufacturer's 
ICL7109s 
require that the 


Send input betied 
high so thatthe 
ICL7109wili 
return 


to the Direct 
mode in 7 clock 
cycles 
if the Handshake 


mode 
is inadvertently 
entered 
on power-up. 


24 
22 
23 


~sc 
osc-- 
ase 
ISEL 
IN 
OUT 


Y· OR OPEN 


2S 


BUFFERED 
OSC 
OUT 


Oscillator 


The ICL7109 
has a versatile 
three terminal 
oscillator 


that may be operated 
as a crystal 
or RC oscillator. 
It 


also may be overdriven 
by an external 
clock 
source. 


To optimize 
it for crystal 
or RC operation, 
the Oscil- 


lator Select 
input 
changes 
the internal 
configuration 


of the oscillator. 
The oscillator 
is configured 
for RC 


operation 
when the Oscillator 
Select 
input 
is high or 


left open (the input is provided 
with an internal 
pullup 


resistor), 
and the internal 
clock 
will 
be of the same 


phase 
and 
frequency 
as the signal 
at the 
Buffered 


Oscillator 
Output. 
(See Figure 
6 for the resistor 
and 


capacitor 
connections.) 
Oscillation 
will occur 
in the 


circuit 
at a frequency 
given by f = 0.45/RC. 
The oscil- 


lator 
resistor 
should 
be 100kD. The capacitor 
value 


should 
be chosen 
such 
that 2048 clock 
periods 
are 


close 
to an integral 
multiple 
of the 60Hz period 
for 


optimum 
60Hz line rejection, 
but the capacitor 
value 


should 
not be less than 50pF. 


A feedback 
device 
and input 
and output 
capacitors 


are added to the oscillator 
when the Oscillator 
Select 


input 
is low. With no external 
components, 
the oscil- 


lator will function 
with most crystals 
in the 1 to 5MHz 


range. 
(See Figure 
7.) A fixed 7 58 circuit 
is inserted 


between 
the 
Buffered 
Oscillator 
Output 
and 
the 


internal 
clock 
by taking 
the Oscillator 
Select 
input 


low. This division 
ratio provides 
33.18ms 
integration 


time, 
by using 
a 3.58MHz 
TV crystal. 


T = (2048 clock 
periods) 
x 
58 
= 33.18ms 


3.58MHz 
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This 
time 
is quite 
close 
to 33.33ms 
or two 60Hz 
periods. 
The error is lower than one percent, which 
will yield better than 40dB of 60Hz rejection. 
If at any 
time the oscillator 
is to be overdriven, the overdriving 
signal should 
be applied at the Oscillator 
Input, and 


the 
Oscillator 
Output 
should 
be left open. 
When 


Oscillator 
Select 
is left open, the internal 
clock will 
be of the same duty cycle, frequency 
and phase as 


the input signal. The clock will be the input frequency 
divided 
by 58 when Oscillator 
Select is at Ground. 
The divide 
by 58 circuit 
will operate 
reliably 
up to 
about 5MHz 
(Oscillator 
Select low), while the con- 


verter itself will operate 
at clock 
rates up to 2 MHz 


(Oscillator 
Select 
high). 
This 
implies 
a conversion 


rate of 244 conversions/sec. 
To operate the converter 


at these rates the auto-zero 
and integrating 
capaci- 


tors 
must 
be scaled 
using 
the 
guidelines 
in the 
Component 
Selection 
section. 
As the 
conversion 
rate 
increases, 
the 
accuracy 
of 
the 
converter 
is 
compromised, 
primarily 
due to noise and the delay 
of the comparator. 
If the clock 
period 
is less than 


the comparator 
delay 
(typically 
1-3 !-,sec.), the low 
order 
bits become 
meaningless. 
At 2 MHz, typical 


readings with the inputs shorted may be 4-10 counts, 
rendering 
the 4 LSBs meaningless. 


Note: At 15 conversions 
per second, the integration 


time of 2048 clock pulses equals one complete period 
of 60 Hz. This is therefore 
the maximum 
conversion 
rate that will provide 
60 Hz noise rejection. 


Status 
Output 


At the end of a conversion cycle the Status output goes 
low, one-half 
clock 
period 
after new data from the 


conversion 
has been stored 
in the output 
latches. 
Status goes high at the beginning 
of Signal Integrate 


(Phase 
II). Figure 
3 shows 
the timing 
details. 
This 
signal 
may 
be utilized 
as a flag 
indicating 
"data 


valid" 
for monitoring 
the status of the converter 
or 


to drive 
interrupts 
since data never changes 
while 
Status is low. 


Test Input 


The counter 
output 
latches 
are enabled 
when 
the 
Test input is taken to a level halfway between V+ and 
Ground, 
allowing 
the counter 
contents 
to be exam- 


ined. When the Test input is grounded, 
the internal 
clock 
is disabled 
and the counter 
outputs 
are all 


forced 
into the high state. The counter 
outputs 
will 
be clocked 
to the low state when the input returns 
to the 1/2 (V+ -Ground) 
voltage 
(or to V+) and one 


89-812, 
CE/LOAD 
L8EN 
H8EN 
81-88 
POL,OR 


1 
X 
X 
Hi-Z 
Hi-Z 
0 
1 
1 
Hi-Z 
Hi-Z 
0 
0 
1 
Data Out 
Hi-Z 
0 
1 
0 
Hi-Z 
Data Out 
0 
0 
0 
Data Out 
Data Out 


clock is applied. This facilitates 
testing of the counter 


and the output 
drivers. 


Although 
the Test pin has an internal pullup, it should 


be tied high if not used. This ensures that high speed 
transitions 
on 
adjacent 
pins 
(particularily 
LBEN) 


do not inadvertently 
activate the test mode. 


__________ 
/nterfac/ng 


Direct Mode 


The ICL7109 is in the Direct mode when the Mode pin 
is low. In this mode the output 
interface 
is a simple 


parallel 
interface 
with a Chip Enable (eE/Load) 
and 


two byte enables (HBEf\Jclnd LBEN). As shown in the 
truth 
table of Table 2, the leC~[ignificant 
8 bits of 


data are enabled when both 
oad and LBEN are 


low. The upper 4 bits of data, polarity, and overrange 
are enabled whenever 
CE/Load 
and HBEN are low. 


The Maxim version of the ICL7109 has significantly 
enhanced current sourcing 
capability, which enables 


it to rapidly drive the large capacitances 
often found 


on microcomputer 
busses. 


In 
Figure 
12, an approach 
to 
interfacing 
several 


ICL7109s 
to a bus is shown. 
This 
is achieved 
by 


using 
the 
CE/Load 
inputs 
(decoded 
from 
an ad- 


dress 
possibly) 
to 
select 
the 
desired 
converter, 


and tying 
the HSEf\J and [BEf'J 
signals 
to several 


converters 
together. 


The 
ICL7109 
can 
also 
be controlled 
through 
I/O 


peripheral 
ports, as shown in Figures 14, 15 and 16. 


Figures 
13 through 
16 are some practical 
circuits 


utilizing 
the parallel three-state 
output capabilities 
of 


the ICL7109. Shown in Figure 16 is a straightforward 
interface to the Intel MCS-48, -80 and -85 systems via 
an 8255 PPI, where the 
ICL7109 data outputs 
are 


active at all times. The 8155 I/O ports may be utilized 
in the same way. Although 
a read performed 
while 


the data latches are undergoing 
updates will lead to 


scrambled 
data, this interface can be used in a read- 


anytime mode. One way of solving this problem is to 
read the Status output as well. If it is high, read the 
data a second time after a delay of more than 1/2 
converter clock period. If Status is still high, the first 
reading is correct. If Status is now low, the second 
reading is correct. On the other hand, the problem of 
timing is completely avoided by using a read-after- 
update sequence. (See Figure 14.) Data can be 
accessed by the high to low transition 
of the 


Status output driving an interrupt to the micro- 
processor. Fil;lure 14 also demonstrates the Run/ 
Hold input bemg used to initiate conversions under 
software control. 


Figure 15 shows a similar interface to 650Xor 680X 
systems. The transition of the Status output from 
high to low generates an interrupt via the Control 
Register B CB1 line. Note that CB2 controls the 
Run/Hold pin through Control Register B. This 
application 
permits software-controlled 
initiation 


of conversions. 


Direct interfacing to most microprocessor busses is 
allowed by the three-state output capability of the 
ICL7109. (See Figure 13 and the typical operating 
circuit on the first page.) It is important that the 


MODE HIGH ACTIVATES 
~,HBEN, 
lBEN 


AS OUTPUTS 
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requirementsfor setup and hold times,and minimum 
pulse widths are met.There are also drive limitations 
on long bussesthat should be noted. In general, this 
type of interface is favored only if the memory 
peripheral address density is low so that simple 
address decoding can be used. Interrupt handling 
can mandate several extra components. 
The use 


of interfacing devices will simplify the system in 
many cases. 


Handshake 
Mode 


Handshake Mode permits the 
interface with 
a 


number of external devices. For example, byte 
enables may be used as load enables or as byte 
identification flags, and external latches may be 
clocked by the rising edge of CE/Load. 
The handshake mode is specifically designed to 
directly interface the ICL7109 to industry standard 
UARTs,with no external logic required. The ICL7109 
is in the handshakemodewheneverthe Mode int~~~ 
high. In the handshake mode the CElLoad, 
and FfB"E1\J 
pins are outputs and Send is an input. A 


typical UARTto ICL7109interface isshown in Figure 
18, with the interface timing shown in Figures 9 
through 11. 


MODE LOW, NOT 
IN HANDSHAKE 
MODe 
DISABLES OUTPUTS 
CE/lOAD, 
HBEN. lBEN 
------ -- ~"Il~ 


• 


3-State Binary Outputs 


DATA VALID 
:::::;-. 
_ 


DATA VALID 
~ 


ZERO CROSSING 


/ 


OCCURS 
ZERO CROSSING 
DETECTED 


When Mode is continuously 
held high, a new UART 


transmission 
will be started 
when Status goes low, 
provided Send is high at that time. As shown in Figure 
10 the high byte of data will be written into the UART 
by the first pulse of CEiLoad. 
The TBRE signal of the 
UART will 
momentarily 
go low upon receiving 
the 
data. 
After 
the 
UART 
transfers 
the 
data 
to 
the 


transmitter 
register, the UART's TBRE output 
drives 


the ICL7109's Send input high. The ICL7109 senses 
the high 
level on the Send input and loads the low 
b~ 
of data into the UART with a second 
pulse of 
C 
Load. 
The 
ICL7109 
continues 
its conversion 


cycles 
while 
this handshake 
takes place, and if the 
UART's 
TBRE 
has driven 
the 
ICL7109 
Send input 
high 
by the end 
of the next conversion, 
the data 


transfer 
sequence 
will 
repeat. 
If the UARTs Tl3R"E 


(and therefore 
the ICL7109's Send input) is low when 


the 
ICL7109 
completes 
the 
next 
conversion, 
the 


internal 
latch 
pulse 
is inhibited 
and the data from 


that conversion 
is lost. 


A handshake 
transfer 
can be initiated 
by a high- 
going 
pulse on the Mode pin. Upon receiving 
a high 
going 
pulse, the ICL7109 sets an internal Mode latch 
and will start a handshake 
transmission 
when Status 
goes low at the end of the next conversion. 
An alter- 
nate method 
of controlling 
the ICL7109 
is to leave 
Mode high and initiate conversions 
via the Run/ Hold 


input. With this method the ICL7109 will first make a 
conversion 
then transmit 
the data. Another 
method 
of initiating 
a transmission 
is shown 
in Figure 
11. 


Here Mode is pulsed high while Send is low. A UART 
transmission 
is started 
when Send is taken high (at 
least 2 negative 
clock edges later). 
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The 
UART 
mode 
is also 
useful 
in interfacing 
the 
n~ 
ICL7109 
to 
I/O 
ports 
such 
as the 8255 and 6520. 


Figure 
17 is an example 
of such an interface. 
The 
••• 
handshake 
operation 
with the 8255 is controlled 
by 
~ 
inverting 
its Input Buffer 
Full (IBF) flag to drive the 
•••• 


Send input to the ICL7109, and using the CEiLoad 
to 
a 
drive the 8255 strobe. The internal control 
register of 
CO 
the 
PPI 
should 
be 
set 
in 
MODE 
1. The 
next 
conversion's 
result will be strobed into the port if the 
8255 IBF flag is low and the ICL7109 is in handshake 
mode. The strobe 
will cause 
IBF to go high 
(Send 
goes 
low) 
which 
will 
prevent 
the 
ICL7109 
from 


loading 
the 
second 
byte 
of 
data. 
The 
PPI 
will 
generate 
an interrupt. 
When executed, 
the result is 
that the data is read. The IBF will be reset low when 
the 
byte 
is 
read 
which 
causes 
the 
ICL7109 
to 
sequence 
into the next byte. Figure 17 shows the PC7 
line of the PPI connected 
to the Mode input of the 
ICL7109. If this input is tied high or left high, the data 
from 
every 
conversion 
will 
be sequenced 
into the 
system 
(provided 
the data access 
takes 
less time 
than 
a conversion). 
The 
output 
sequence 
can 
be 
obtained 
on demand by using the PC7 outputto 
drive 
the 
Mode 
input. 
Note 
that 
the 
8255 can 
service 
•• 
another 
peripheral 
device 
since 
only 
one 
port 
is 
used. The 8155 can utilize the same arrangement. 


The 
ICL7109 
is not limited 
to the applications 
de- 


scribed 
here. 
These 
examples 
show 
some 
of the 
many interfaces 
and uses of the ICL7109 and merely 
provide 
a point 
of departure 
for 
users to develop 
appropriate 
systems. 
Many of the suggestions 
made 
here may be combined. 
More specifically, 
the uses 
of 
the 
Mode, 
Status, 
and 
Run/Hold 
signals 
may 
be mixed. 
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8 
•••• 
~ 
•••• 


+5V 
HO 
•• RESET 
21·24 
~ 


555 
35·38 
6 iNf 
P20·P27 
IOT~ER 


31-34 
5 
110 
OND 
7 EA 


8WA 
P14-P17 


9 P$EN 
P1330 


11 ALE 
P1229 


+5V 
25PROG 
P1128 


+5V 
26 VOD 
Pl027 


+5V 
39 T1 


+5V 
40 vec 


12-19 
oBO·087 


OND 
20 GND 
AD 10 


8748/8048 


+5V 
40V· 
REF IN - 39 
OND 
10ND 
REF CAP - 38 


+5V 
17 TEST 
'"F 
REF CAP + 37 
REF IN + 36 


IN HI 35 
.Ol,uF 


26 RUN/HOLD 


2 STATUS 


18 LBEN 


19 HBEN 
,.. 


89-812, POL, OR 
9-16 


IN LO 34 


.I"ItI1AXIAo1 
COM 33 
IGUl09 
INT '2 


A231 


aUF 30 


REF OUT 29 
V-28 --sv 
SEND27-+5V 


aUF CSC OUT 25 


csc SEL 24 


CSC OUT 23 


CSC IN 22 


MODE 21 


:"'--GND 


EXTERNAL 
REFERENCE 


RUN/HOLD 
PC, 


.MAXI.NI 
ANALOG 
IGUl09 
B'-B. 
P87""PBo 
8255 
~ 
STBA 
STATUS 
PC, 
'"F 
10kll 


HBEN 
LBEN 
+5V 


MC680X 


OR 
MCS650X 


89-812 


POL, OR 


.MAXI.A1 


IGL7109 


81·B8 
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RUN/HOLD 


""""AXI"""'" 
ICLl109 
81.8. 


a9-812 


POL. OR 
PA7-PAO 


.A1A X I.NI 


ICL7109 81-8• 
8255 
• 
(MODE 1) 
ANALOG 
IN 
CE/lOAD 
PC, 


SEND 
PC, 


RUN/HOLD 
PC, 


MODE 
PC, 
PC, 


.sv 
1 v' 
TAC 40 
GND 
1 GND 
V 
.• 40 
-sv 


2 ase CONTROL 
asclN 
17. 
25 aUF ase 
OUT 
AEFIN-39 
-=--GNO 


GND 
3GND 
EPE39 
'sv 
1000pF 
2 STATUS 
REF CAP - 38 
EXTERNAL 


4 ARD 
CL$l38 
'p' 
REFERENCE 
.sv 
REF CAP'" 
37 


5·12 
CLS237 
19 HBEN 
REF IN + 36 
sas 36 
IN HI3S 
ABA1-S 
.Ol~F 
1M!! 
INPUT 
PI 35 
GND 
NlAXINl 
IN LO 34 


13 PE 
CRl34 
.sv 
3-. 
ICLlI09 
COM 33 
GND 


14 FE 
a9·B12,POl.DR 
lNT32 
CINT 


CAZ 
.15.uF 
150E 
26-33 
9-16 
Al31 
.33,uF 
.sv 
16SFD 
TBR '-8 
81-88 
aUF 30 


TRE24 
'sv 
17TEsT 
REF OUT 29 
RrNT 
20td},O.2V 
REF. 


20 AAI 
ORA 
18 
,alSEN 
Y-28 
-sv 
l00kfl,lY 
REF. 


SERIAL 


INPUT 
OR 
19 
21 MODE 
RUN/HOLD 
26 
.SV OR OPEN 
TBAl23 
20 CElLOAO 
ase SEL 
24 
GND 


T8AE 22 
27SEND 
cse OUT 23 


25 TAD 
MR21 
GND 
ase IN 22 
SERIAL 
FOR lOWEST 
POWER CONSUMPTION, 
OUTPUT 
IM6403 
TBR1·TBR8 INPUTS SHOULD 
HAVE 100kf! 
ICL7109 
CMOS UART 
PULLUP RESISTORS TO +5V 
CMOS 
AID CONVERTER 


SEND ANY WORD TO UART TO TRANSMIT 
LATEST RESULT 


•• 


________ 
General Description 


The Maxim ICL7116 and ICL7117 are 3'12 digit monolithic 
analog 
to 
digital 
converters. 
They 
differ 
from 
the 


Maxim 
ICL7106 and ICL7107 in that the ICL7116 and 


ICL7117 have a Hold 
pin which 
makes it possible 
to 
hold 
or 
"freeze" 
a reading. 
These 
integrating 
AID 
converters 
have 
very 
high 
input 
impedances 
and 
directly 
drive 
LCD 
(ICL7116) 
and 
LED 
(ICL7117) 
displays. 


Versatility 
and accuracy 
are inherent 
features 
of these 
converters. 
The dual-slope 
conversion 
technique 
auto- 
matically 
rejects 
interference 
signals 
common 
in 
industrial 
environments. 
The true differential 
input 
is 
particularly 
useful when making 
ratiometric 
measure- 
ments (ohms or bridge transducers). 
Maxim has added 
a zero-integrator 
phase to the ICL7116 and 
ICL7117, 
eliminating 
overrange 
hangover 
and hysteresis effects. 
Finally, these devices offer high accuracy 
by lowering 
rollover 
error to less than one count 
and zero reading 
drift to less than 1J1.V/oC. 


___________ 
Applications 


These devices 
can be used in a wide range of digital 
panel meter applications. 
Most applications, 
however, in- 


volve the measurement 
and display of analog data: 


Pressure 
Conductance 
Voltage 
Current 
Resistance 
Speed 
Temperature 
Material Thickness 


~~I~JXI~~I 
3~ Digit A/D Converter 
With Display Hold 


_____________ 
Features 


• 
Improved 
2nd 
Source! 
(See 
3rd page 
of 
this 
data sheet for "Maxim 
Advantage™'') 


• 
Hold pin allows indefinite display hold. 


• 
Guaranteed 
first reading 
recovery 
from 
overrange 


• 
On board 
Display 
Drive Capability-no 
external 
circuitry required: LCD-ICL7116, 
LED-ICL7117 


• 
High Impedance 
CMOS Differential 
Inputs 


• 
Low Noise 
« 
15J.l-Vpop) without 
hysteresis 
or 
overrange 
hangover 


• 
Clock and Reference 
On-Chip 


• 
Zero Input Gives Zero Reading 


• 
True Polarity 
Indication 
for Precision 
Null 
Applications 


PART 
TEMP. RANGE 
PACKAGE 
ICL7116CPL 
O'Cto +70'C 
40 Lead PlasticDIP 
ICL7116CJL 
O'Cto +70'C 
40 LeadCERDIP 
ICL7116COH O'Cto + 70'C 
44 LeadPlasticChipCarrier 
ICL7116C/D 
O'Cto +70'C 
Dice 
ICL7117CPL 
O'Cto +70'C 
40 Lead PlasticDIP 
ICL7117CJL 
O'Cto +70'C 
40 LeadCERDIP 
ICL7117COH O'Cto +70'C 
44 Lead PlasticChip Carrier 


ICL7117C/D 
O'Cto +70'C 
Dice 


Pin Configuration 


Top View 


ANALOG 
HOLD 
, • 
'-/ 
~ 


OSC 1 
INPUT 
1 


01 2 
OSC 2 
C1 , 
~ 


OSC 3 
'~:: · 
TEST 
, 
i¥. 
REF HI 


••••••AXI.NI 
F1 · 
~ v+ 
G1 
7 
C+REf 
leL7116 
E1 · 


MAXIi'M 
I¥- 
COREr 
~ 
02 · 


ICL7116 
" 
CO••••••ON 
C2 " 
ICL7117 
" 
IN HI 


10~:~ 
" 
IN LO 
, 
. A/Z 
F2 " 
" BUFF 
E2 .. 
7 
INT 
03 " 
v' 
100'S 
B3 .. 
G2(10's) 
L 
F3 , 
• 
C3, 
E3 
IS 
A3 
100'S 
1000'S-AB4 
" 
G3....J 


POL 
, 
BP/GND 
(7116/7117) 


( •••INUS SIGN) 


The "Maxim Advantage'·" signifies an upgraded quality level. At no additional cost we offer a second-source device that is subject to the 
following: 
guaranteed performance 
over temperature 
along with tighter test specifications 
on many key parameters; and device 
enhancements, when needed, that result in improved performance without changing the functionality. 


-- 


3~ Digit A/D Converter 
With Display Hold 
ABSOLUTE MAXIMUM RATINGS 
Supply 
Voltage 
ICL7116, 
v+ 
toV- 
............•...•............ 
15V 
ICL7117, 
v+ 
toGND 
+6V 
ICL7117, 
v- 
toGND 
-9V 
Analog 
Input Voltage 
(either 
input)(Note 
1) 
V + to V- 


Reference 
Input Voltage 
(either 
input) 
V + to V- 


Clock 
Input 
ICL7116 
TEST to V+ 


ICL7117 
GNDtoV+ 


Note 1: Input voltages 
may exceed 
the supply voltag8s, 
provided 
the input current 
is limited to ± 100j.LA. 


Note 
2: Dissipation 
rating assumes 
device 
is mounted 
with all leads 
soldered 
to printed 
circuit board. 


Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. These are stress ratings only and functional 
operation 
of the device 
at these 
or any other conditions 
above 
those indicated 
in the operational 
sections 
of the specifications 
is not implied. 
Exposure 
to absolute 


maximum 
rating conditions 
for extended 
periods 
may aHect device 
reliability. 


Power 
Dissipation 
(Note 
2) 


Cerdip 
Package 
..................••.•.. 
1000mW 


Plastic 
Package 
800mW 


Operating 
Temperature 
Range 
O°C to +70°C 


Storage 
Temperature 
Range 
-65°C 
to +160°C 


Lead Temperature 
(Soldering. 
60 sec.) 
+300°C 


CHARACTERISTICS 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Zero 
Input 
Reading 
V,N = O.OV 
-<JOO.O 
±OOO.O 
+000.0 
Digital 
Reading 


Full Scale = 200.0mV 


Ratiometric 
Reading 
VIN = VREF = 100mV 
999 
999/1000 
1000 
Digital 
Reading 


Rollover 
Error 
(Difference 
in 
-V'N - +VIN '" 200.0mV 
-1 
±.2 
+1 
Counts 
reading 
for equal 
positive 
and 
negative 
reading 
near Full Scalel 


Linearity 
(Max. deviation 
from 
Full scale = 200mV 
-1 
±.2 
+1 
Counts 
best straig, It line fitl 
or full 
scale = 2.000V 


Common 
Mode 
Rejection 
Ratio 
VCM - 
±1V, V,N - OV. 
50 
, 
!"VIV 


INote 
4) 
Full Scale = 200.0mV 


Noise 
IPk-Pk 
value 
not exceeded 
V,N = OV 
15 
!"V 


95% of time) 
Full Scale = 200.0mV 
I 


Leakage 
Current 
@ Input 
V,N = 0 
=' 
1 
10 
pA 


Zero 
Reading 
Drift 
V,N = 0, O°C < TA < 70°C 
0.2 
1 
!"V/oC 


Scale 
Factor 
Temperature 
V,N = 199.0mV 
~ 
1 
5 
ppmfOC 


Coefficient 
0° < TA < 70°C 
(Ext. Ref. Oppm/oCI 


V'Supply 
Current 
(Does 
not 
V,N = 0 
0.8 
1.8 
mA 
include 
LED current 
for 7107) 
~<No 


V 
supply 
current 
7107 only 
0.6 
1.8 
mA 


Analog 
Common 
Voltage 
(With 
25kO between 
Common 
& 
2.4 
2.8 
3.2 
V 


respect 
to Pos. Supply) 
Pos. Supply 


Temp. 
Coeff. 
of Analog 
Common 
25kO 
between 
Common 
& 
80 
ppmfOC 


(With 
respect 
to Pos. Supply) 
Pos. Supply 


Input 
Resistance, 
Pin 1 (Note 
6) 
30 
70 
kO 


VIL. Pin 1 (7116 only) 
TEST 
+1.5 
V 


VIL. Pin 1 (7117 onlY) 
:i)~ 
GND 
+1.5 
V 


VIH, Pin 1 (Both) 
'" 
V+ -1.5 
V 


7116 ONLY 
(Note 
5) 
V' to V 
- 9V 
4 
5 
6 
V 
Pk-Pk 
Segment 
Drive 
Voltage, 


Pk-Pk 
Backplane 
Drive 
Voltage 
4 
5 
6 


7117 ONLY 
(Except 
Pin 19) 
V' = 5.0V 
5 
8.0 
mA 


Segment 
Sinking 
Current 
Segment 
voltage 
= 3V 


(Pin 19 only) 
10 
16 


Note 3: 
Unless otherwise 
noted, specifications 
apply to both the 7116 and 7117 at TA = 25°C, 'clock = 48kHz. 7116 is tested in the circuit of Figure 1 7117 is 


tested in the circuit of Figure 2. 


Note 4: 
Refer to "Differential 
Input" discussion. (See Maxim's ICL710S/ICL7107 
data sheet). 


Note 5: 
Back plane drive is in phase with segment drive for 'off' segment, 1800 out of phase for'on' segment. Frequency is 20 times conversion rate. Average 
DC component 
is less than 50mV. 


Note 6: 
The 7116logic 
input has an internal pull-down 
resistor connected 
from HLDR, pin 1, to TEST, pin 37. The 711710gic input has an internal pull-down 


resistor connected 
from HLDR, pin 1 to GROUND, 
pin 21. 


The electrical characteristics above are a reproduction of a portion of Intersil's copyrighted (1983/1984) 
data book. This information does not constitute any 
representation by Maxim that Intersil's products will perform in accordance 
with these specifications. 
The "Electrical Characteristics 
Table" along with the 


descriptive excerpts from the original manufacturer's data sheet have been included in this data sheet solely for comparative purposes. 


3~ Digit A/D Converter 


With Display Hold 


• 
Key 
Parameters 
Guaranteed 
over 
Temperature 


• 
Negligible 
Hysteresis 


• 
Maxim 
Quality 
and 
Reliability 


• 
Increased 
Maximum 
Rating 
for 
Input 
Current 
(Note 
9) 


• 
Guaranteed 
Overload 
Recovery 
Time 


• 
Significantly 
Improved 
ESO Protection 
(Note 
8) 


• 
Low 
Noise 


ABSOLUTE 
MAXIMUM 
RATINGS: 
This device conforms 
to the Absolute 
Maximum 
Ratings on adjacent 
page. 


ELECTRICAL 
CHARACTERISTICS: 
Specifications 
below satisfy or exceed 
all "tested" 
parameters 
on adjacent 
page. 


(v+ = 9V; TA = 25°C; 
'CLOCK = 48kHz; test circuit - Figure 1 (ICL7116), Figure 2 (ICL7117) unless noted) 


PARAMETERS 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Zero Input 
Reading 
VIN = O.OV,Full Scale = 200.0mV 
TA = 25·C (Note 
7) 
-000.0 
±OOO.O 
+000.0 
Digital 
0" S; TA s; 70·C (Note 
11) 
-000.0 
±OOO.O 
+000.0 
Readino 


Ratlometrlc 
Reading 
VIN = VREF, VREF - 
100mV 
TA = 25·C (Note 
7) 
999 
999/1000 
1000 
Digital 
0" s; TA S; 70"C (Note 
11) 
998 
999/1000 
1001 
Reading 


Rollover 
Error 
(Difference 
in 
- VIN - 
+ VIN '" 
200.0mV 


reading 
for equal 
positive 
and 
TA = 25·C (Note 
7) 
-1 
±.2 
+1 
Counts 
negative 
reading 
near Full Scale) 
0° ::; TA :',:70°C 
(Note 
11) 
±.2 


Linearity (Max. deviation from 
Full Scale = 200.0mV 
-1 
±.2 
+1 
Counts 


best straioht line fit) 
or full scale = 2.000V 


Common 
Mode Rejection 
Ratio 
VCM = 
±1V, VIN = OV 
Full Scale = 200.0mV 
50 
jJ.VIV 


Noise (Pk-Pk value not exceeded 
VIN = OV 
95% of time) 
Full Scale = 200.0mV 
15 
jJ.V 


Input 
Leakage 
Current 
VIN = 0, TA = 25°C 
(Note 
7) 
1 
10 
pA 
0" s; TA s; 70·C 
20 
200 


Zero Reading Drift 
VIN = 0 
o· S; TA S; 70·C (Note 
7) 
0.2 
1 
jJ.VI"C 


Scale Factor Temperature 
VIN = 199.0mV 


Coefficient 
O· s; TA s; 70·C 
1 
5 
ppml"C 
(Ext. Ref. Oppml"C) 
(Note 7) 


V + Supply 
Current 
VIN = 0 
(Does not Include 
LED current 
TA = 25·C 
0.6 
1.8 
mA 
for 7117) 
O· S; TA S; 70·C 
2 


V- Supply 
Current 
(7117 only) 
0.6 
1.8 
mA 


Analog Common Voltage (with 
25kO between Common 
& 
2.4 
2.8 
3.2 
V 


respect to Pos. Supply) 
Pos. Supply 


Temp. Coeff. of Analog Common 
25kO between Common 
& 
75 
ppml"C 
(with respect to Pas. Supply) 
Pas. Supply 


Input 
Resistance, 
Pin 1 (Note 
6) 
30 
70 
kO 


VIL. Pin 1 (7116 only) 
TEST 
+1.5 
V 


VIL. Pin 1 (7117 only) 
GND 
+1.5 
V 


VIH, Pin 1 (Both) 
V+ -1.5 
V 


7116 Only 
(Note 
5) 
V+toV-=9V 
4 
5 
6 
V 
Pk·Pk Segment 
Drive Voltage, 
Pk-Pk Backplane 
Drive Voltage 


7117Only-SegmentSinking 
Current 
V+ 
= 5.0V 
5 
8.0 
mA 


(Except Pin 19) 
Segment Voltage 
= 3V 


(Pin 19 only) 
10 
16 
mA 
7116 Only-Test 
Pin Voltage 
With Respect 
to V + 
4 
5 
6 
V 


overlo~~ 
Recovery 
Time 
VIN changing 
from 
± 10V 
0 
1 
Measurement 
(Note 
10 
toOV 
Cycles 


Note 7: 
Test condition 
is VIN applied between pins IN-HI and IN-LO. i.e., 1M£} resistor in Figures 1 and 2. 


Note 8: 
All pins are designed 
to withstand 
electrostatic 
discharge 
(ESD) levels in excess of 2000V. (Test circuit 
per Mil. Std B83C. Method 
3015 .2) 


Note 9: 
Input voltages 
may exceed the supply voltage 
provided 
the input current is limited to ± 1mA (This revises Note 1 on adjacent 
page). 


Note 10: Number of measurement 
cycles for display to give accurate 
reading. 


Note 11: 1MO resistor is removed 
in Figures 1 and 2. 


•• 


_______ 
Detailed Description 


The 
Maxim 
ICL7116 and ICL7117 3% digit AID con- 


verter are similar 
to the Maxim 
ICL7106 and ICL7107, 


except 
for the addition 
of a Hold 
pin. For a detailed 


product 
description, 
package 
dimensions, 
and appli- 
cations 
information 
(other 
than the operation 
of the 
Hold 
pin described 
below) 
refer to Maxim's 
ICL7106 
and ICL7107 data sheet. 
~ 
Hold Input 


The Hold input is a digital 
input with a logic threshold 
approximately 
midway 
between V+ and Test (ICL7116) 
or 
V+ 
and 
Ground 
(ICL7117). 
The 
ICL711617117 


continuously 
performs 
conversions, 
independent 
of 


the Hold input. When the Hold input is connected 
to V+, 


however, the display 
latch 
pulse is inhibited, 
and the 


display 
latches are not updated. 
The Hold input has a 


70 
kilohm 
pulldown 
resistor 
to 
Test 
(ICL7116) 
or 


Ground 
(ICL7117) and the Hold input will be pulled low 


if it is left open. When Hold is low the ICL7116/1CL7117 
updates the display at the end of each conversion. 
The 


Hold input is CMOS compatible, 
and can also be driven 
by a switch 
connected 
to V+ (Figure 
1 and 2) or by a 


PNP transistor. 


Unlike 
the 
ICL7106 
and 
ICL7107, the 
ICL7116 
and 
ICL7117 do not have a Reference 
Low input. Apply the 


reference 
voltage 
between 
Reference 
High 
(REF HI) 


and Common. 


Figure I. Maxim ICL7116 Typical Operating Circuil, 
Figure 2. Maxim ICLll17 
Typical Operating Circuil, 
200mV Reference 
200mV Reference 
_________ 
Chip Topography 
Pin Configuration 


r 


o 
~ ••..• 
~ i 
..• 
u 
I,) 
U (/) ••. 


____ 
0 
U 
<II 
III 
III 
'" 
III 


B, 
A, 


«IDUC::l:ZOOO~1Z: 


f, 
B, 
"'''' ....•N_::~;~ 
E, 
c, 
0 


AB, 
0, 


POL 
HlDR 
E 
BPtGNO 
ascI 
~.:(7116/7117) 


G, 
/V!/JXI.l 
•..•1 


1 


A, 
OSC2 
ICL71'6 
ICL7117 


osc] 


TEST 


REF 
HI 
c, 
~~2;;;;~::::~:Cle~:l: 


G, 
v· 
cD'~W'~~~~3cua 
~ 


44 Lead Plastic Chip Carrier (Quad Pack) 


~1f1~JXI~1f1 
Low Power, 3~ Digit A/D Converter 


_______ 
General Description 


The Maxim 
ICL7126 is a monolithic 
analog 
to digital 


converter 
with very high input 
impedance. 
On-board 


active components 
include 
segment 
drivers, segment 


decoders, 
voltage 
reference 
and a clock 
circuit. 
The 


ICL7126directly 
drives a non-mul.tiplexed 
liquid crystal 


(LCD) 
display, 
requiring 
no 
external 
display 
drive 


circuitry. 
Significantly 
reduced 
power 
consumption 


makes the 
ICL7126 a superior 
device, 
especially 
for 


portable 
systems. 


Versatility 
and accuracy 
are inherent 
features 
of this 


converter. 
The dual-slope 
conversion 
technique 
auto- 


matically 
rejects interference 
signals common 
in indus- 
trial 
environments. 
The 
true 
differential 
input 
and 


reference 
are particularly 
useful 
when 
making 
ratio- 


metric 
measurements 
(ohms 
or bridge 
transducers), 
and 
the 
zero-integrator 
phase 
in 
Maxim's 
ICL7126 


eliminates 
overrange 
hangover 
and hysteresis 
effects. 
The Zero Integrator 
phase also allows the use of larger 


auto zero capacitors 
reducing 
noise further. Finally, this 


device offers high accuracy 
by lowering 
rollover 
error 


to less than one count 
and zero reading 
drift 
to less 


than 1p.V/o C. 


_________ 
Applications 


These devices 
can be used in a wide range of digital 


panel meter applications. 
Most applications, 
however, 


involve the measurement 
and display 
of analog data: 


Pressure 
Voltage 
Resistance 
Temperature 


Conductance 
Current 
Speed 
Material Thickness 


v· 
• 
'-/ 
OSC 1 
101 
~ 
OSC2 
I 
Cl F! 
OSC 3 


1~'S 
AG:,l B 
7 
~~~THI 
n 
" ~~~/O 
£1 ~ 
MAXI..... 
C-REF 
02 
~ 
ICL7126 
COMMON 
C2:1:i 
' 
IN HI 


1O~'S 
~~ 
~ 
~~~; 
E2 rr. 
INT 
03 , 
v- 


I OD'S 
~~ 
, 
G2(TENS) 
LE3' 
~~~'S 
1000'S-A84 
G3.----J 
POL 
L.. 
r 
8P 
(MINUS SIGN) 


See/CL7106for 44 LeedPLCCPin Configuretion 


____________ 
Features 


• 
Improved 
2nd Source! 
(See 3rd page for 
"Maxim 
Advantage'·"). 


• 
Power 
dissipation 
guaranteed 
less than 
1mW-9V 


battery 
life 3000 hours typical 


• 
Guaranteed 
first reading 
recovery 
from 
overrange 


• 
Zero Input Gives Zero Reading 


• 
Drives LCD Displays 
Directly 


• 
Low 
Noise 
(15p.V p-p) 
without 
hysteresis 
or over- 
range hangover 


• 
lI'ue 
Differential 
Reference 
and Input 


• 
Monolithic, 
Low Power CMOS 


______ 
Orderin~ Information 


PART 
TEMP. RANGE 
PACKAGE 


ICL7126CPL 
O°C to +70°C 
40 Lead 
Plastic 
DIP 


ICL7126CJL 
O°C to +70°C 
40 Lead CERDIP 


ICL7126CQH 
O°C to +70°C 
44 Lead 
Plastic 
Chip 
Carrier 


ICL7126C/D 
O°C to +70°C 
Dice 


FULL SCALE 
INPUT 


2.000 V 


200.0 mV 


The "Maxim Advantage·· ••signifies an upgraded quality level. At no additional cost we offer a second-source device that is subject to the 
following: 
guaranteed 
performance 
over temperature 
along with tighter 
test specifications 
on many key parameters; 
and device 
enhancements, 
when needed, that result in improved performance 
without changing the functionality. 


Low Power, 3~ Digit A/D Converter 


Power 
Dissipation 
(Note 
2) 
Cerdip 
Package 
••••••••••••••••••••••• 
1000mW 


Plastic 
Package 
•..••••.••••••••••••.••• 
800mW 


Operating 
Temperature 
Range 
••••••••• 
O·C to +70·C 
Storage 
Temperature 
Range 
•.••••.• 
-65·C 
to +160·C 
Lead 
Temperature 
(Soldering, 
60 sec.) 
••••.•.• 
+300·C 


Supply 
Voltage 
(V + to V -) 
15V 
Analog 
Input Voltage 
(either 
input)(Note 
1) 
V+ 
to V- 


Reference 
Input Voltage 
(either 
input) 
V + to V- 


Clock 
Input 
TEST to V+ 


Note 1: Input voltages 
may exceed 
the supply voltages, 
provided 
the input current 
is limited to ± IDOlA-A. 


Note 
2: Dissipation 
rating assumes 
device 
is mounted 
with all leads 
soldered 
to printed 
circuit board. 


Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. These are stress ratings only and functional 
operation 
of the device at these or any other conditions above those indicated in 'the operational 
sections of the specifications 
is not implied. Exposure to absolute 


maximum 
rating conditions 
for extended 
periods 
may affect 
device 
reliability. 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Zero Input Reading 
V,N =O.OV 
-000.0 
:!:OOO.O 
+ 000.0 
Digital Reading 


Full·Scale = 200.0mV 


Ratiometric 
Reading 
V" = VAEF, VAEF = tOOmV 
999 
999/1000 
1000 
Digital Reading 


Roll-Over Error (Difference in 
- V,N = + V,N = 200.0mV 
-1 
:!:0.2 
+1 
Counts 
reading for equal positive and 
negative reading near full·scale) 


Linearity (Max. deviation from 
Full-Scale = 200mV 
-1 
:!:0.02 
+1 
Counts 
best straight 
line fit) 
or Full·Scale = 2.OOOV 


Common-Mode Rejection Ratio 
VCM = :!:lV, V,N =OV 
50 
~VIV 
(Note 4) 
Fuli-Scale = 200.0mV 
~f 


Noise (Pk-Pk value not exceeded 
V,N = OV.Full·Scale = 200.0mV 
15 
~V 
95% Of time) 


Leakage Current 
@ Input 
V,N =OV 
1 
10 
pA 


Zero Reading Drift 
V,N = OV,O·C<T. < + 70·C 
0.2 
1 
~V/·C 


Scale Factor Temperature 
V,N = 199.0mV,O"C<T.< 
+ 70·C 
1 
5 
ppm/·C 
Coefficient 
(Ext. Ref. Oppm/"q 


Supply Current (Does not 
V,N = OV(Note 6) 
50 
100 
~A 
include COMMON current) 


Analog COMMON Voltage (With 
250kll between Common and 
2.4 
2.8 
3.2 
V 
respect to positive supply) 
Positive Supply 


Temp. Coeff. of Analog COMMON 
250kll between Common and 
80 
ppm/·C 


(With respect to positive supply) 
Positive Supply 


Pk·Pk Segment Drive Voltage 
v+ 
toY 
=9V 
4 
5 
6 
V 


(Note 5) 


Pk·Pk Backplane Drive Voltage 
v+ 
to V 
=9V 
4 
5 
6 
V 


(Note 5) 


Power Dissipation 
Capacitance 
vs Clock Frequency 
40 
pF 


Note 
3: Unless 
otherwise 
noted, 
specifications 
apply at TA= 25°C, 
'CLOCK = 16kHz 
and are tested 
in the circuit of Figure 
1. 


Note 4: Refer to "Differential Input" discussion. 


Note 
5: Backplane 
drive is in phase with segment 
drive for "off" 
segment, 
180· out of phase for "on" 
segment. 
Frequency 
is 20 times conversion 
rate. Average 
DC 


component is less than 50mV. 


Note 
6: 48kHz 
oscillator, 
Figure 2, increases 
current 
by 20,u.A (typ). 


Note 7: Extra capacitance of CEROIP package changes oscillator resistor value to 470kO or 150kn 
(1 reading/sec 
or 3 readings/sec). 


The electrical characteristics above are a reproduction of a pot1ion of Intersil's copyrighted (1983/1984) 
data book. This information does not constitute any 


representation by Maxim that Intersil's products will perform in accordance 
with these specifications. 
The "Electrical Characteristics Table" along with the 


descriptive excerpts from the original manufacturer's data sheet have been included in this data sheet solely for comparative purposes. 
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Low Power~3% Digit A/D Converter 


• 
Low 
Noise 


• 
Key 
Parameters 
Guaranteed 
over 
Temperature 


• 
Guaranteed 
Overload 
Recovery 
Time 


• 
Significantly 
Improved 
ESD Protection 
(Note 
9) 


• 
Negligible 
Hysteresis 


• 
Increased 
Maximum 
Rating 
for Input 
Current 
(Note 
10) 


• 
Maxim 
Quality 
and 
Reliability 


ELECTRICAL CHARACTERISTICS: 
Specifications 
below satisfy or exceed all "tested" 
parameters 
on adjacent 
page. 


(V+ 
= 9V; TA = 2S·C; fCLOCK = 16kHz; test circuit· Figure 1; unless noted) 


CHARACTERISTICS 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Zero Input 
Reading 
VIN = O.OV,Full Scale = 200.0mV 
TA = 2S·C (Note 8) 
-000.0 
±OOO.O 
+000.0 
Digital 
0·,;; 
T.••,;; + 70·CINote 
12) 
-000.0 
±OOO.O 
+000.0 
ReadinQ 


Ratlometrlc 
Reading 
VIN = VREF, VREF = 100mV 
TA = 2S·C (Note 8) 
999 
999/1000 
1000 
Digital 
O· ,;; TA ,;; + 70·C (Note 
12) 
998 
999/1000 
1001 
Reading 


Rollover 
Error (Difference 
in 
- VIN = + VIN 200.0mV 
reading for equal positive and 
TA = 2S·C (Note 8) 
-1 
±.2 
+1 
Counts 
negative reading near Full Scale) 
O· ,;; TA ,;; + 70·C (Note 12) 
±.2 


Linearity (Max. deviation from 
Full Scale = 200.0mV 
-1 
±.2 
+1 
Counts 
best straight line fit) 
or full scale = 2.000V 


Common 
Mode Rejection 
Ratio 
VCM = ±1V, VIN = OV 
5 
,...VIV 
Full Scale = 200.0mV 


Noise (Pk-Pk value not exceeded 
VIN = OV 
10 
,...V 
9S% of time) 
Full Scale = 200.0mV 


Input 
Leakage 
Current 
VIN = 0 
TA = 2S·C (Note 8) 
1 
10 
pA 
00';; T.•• ,;; +70·C 
200 
Zero Reading Drift 
VIN = 0 
O· ,;; TA ,;; + 70·C (Note 8) 
0.2 
1 
)J.vrc 


Scale Factor Temperature 
VIN = 199.0mV 
Coefficient 
0·,;; 
TA';; 
+70'C 
1 
S 
ppmrc 
(Ext. Ref. OppmrC) 
(Note 8) 


V + Supply 
Current 
VIN = 0 
TA = 2S·C 
- 


60 
100 
,...A 
00';; T.••,;; +700C 
120 
Analog 
Common 
Voltege (with 
250kO between Common. 
2.6 
2.8 
3.2 
V 
felJ"Ct 
to Pc.. Supply) 
Po•. Supply 


Temp. Coeff. of Analog Common 
2S0kfl 
between Common 
& 
7S 
ppmrc 


(with respect to Pos. Supply) 
Pos. Supply 


Pk·Pk Segment 
Drive Voltage 
V+ toY 
= 9V 
4 
S 
6 
V 
Pk-Pk Backplane 
Drive Voltage 


Test Pin Voltage 
With respect 
to V + 
4 
5 
6 
V 
Overload 
Recovery 
Time 
V1Nchanging 
from ± 10V 
0 
1 
Measurement 
(Note 
11) 
toOV 
Cycles 


Note 8: 
Test condition 
is V1N applied 
between pins IN-HI and IN-LO through 
a 1MO series resistor as shown in Figure 1. 
Nole 9: 
All pins are designed 
to withstand 
electrostatic 
discharge 
(ESD) levels in excess of 2000V. (Test circuit per Mil Std 883, Method 3015.1) 


Note 10: Input voltages 
may exceed the supply voltage 
provided the input current is limited to ± 1mA (This revises Note 1 on adjacent 
page). 


Note 11: Number of measurement 
cycles for display to give accurate 
reading. 


Note 12: 1MO resistor 
is removed 
from circuits in Figure 1. 


•• 


LOWpower~JY3 Dlg/r A/D converrer 


__________ 
Analog Section 


Figure 3 shows the Block Diagram of the Analog Section 
for the ICL7126. Each measurement cycle is divided into 
four phases: 


1. 
Auto-Zero (A-Z) 


2. 
Signal Integrate (INT) 


3. 
Reference De-Integrate 
(01) 


4. 
Zero Integrator (ZI) 


Auto-Zero 
Phase 


Three events occur during auto-zero. The inputs, IN-HI 
and IN-La, are disconnected 
from the pins and internally 
shorted to analog common. The reference 
capacitor 
is 
charged to the reference voltage. And lastly, a feedback 
loop is closed around the system to charge the auto-zero 
capacitor CAZ to compensate 
for offset voltages in the 
comparator, 
buffer amplifier and integrator. The inherent 
noise of the system determines the A-Z accuracy. 


Signal Integrate 
Phase 


The internal input high (IN-HI) and input low (IN-La) are 
connected 
to the external pins, the internal short is re- 
moved and the auto-zero loop is opened. The converter 
then 
integrates 
the differential 
voltage 
between 
IN-HI 
and IN-La for a fixed time. This differential voltage can 
be within a wide common-mode 
range (within one volt of 
either supply). If, however, the input signal has no return 
with respect to the converter power supply, IN-La can be 
tied to analog common to establish the correct common- 
mode voltage. The polarity of the integrated signal is de- 
termined at the end of this phase. 


Reference 
De-Integrate 


IN-HI is connected 
across the previously charged refer- 


ence capacitor and IN-La is internally connected 
to ana- 


log common. 
Circuitry within the chip ensures that the 


capacitor 
will be connected 
with the correct 
polarity to 
cause the integrator output to return to zero. The input 
signal determines the time required for the output to re- 
turn to zero. The digital reading displayed is: 


1000 X 
VIN 
VREF 
Zero Integrator 
Phase 


Input low is shorted to analog COMMON and the refer- 
ence capacitor 
is charged 
to the reference 
voltage. 
A 


feedback loop is closed around the system to input high, 
causing 
the 
integrator 
output 
to 
return 
to zero. This 


phase normally lasts between 
11 and 140 clock pulses 


but is extended to 740 clock pulses after a "heavy" 
over 


range conversion. 


Differential 
Reference 
The reference voltage can be generated anywhere within 
the power 
supply voltage 
of the converter. 
The main 
source of common-mode 
error is a roll-over voltage. This 


is caused by the reference 
capacitor 
losing or gaining 


charge to stray capacitance 
on its nodes. The reference 


capacitor can gain charge (increase voltage) if there is a 
large common-mode 
voltage. This is the result of a posi- 


tive signal de-integration. 
In contrast, the reference 
ca- 


pacitor will lose charge (decrease voltage) when de-inte- 
grating a negative input signal. Rollover error is caused 
by this difference 
in reference 
for positive or negative 
input voltages. This error can be held to less than half a 
count for the worst-case 
condition 
by selecting a refer- 
ence capacitor that is large enough in comparison to the 
stray capacitance. 
(See component 
value selection.) 
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V1N I 
~---------------- 


Differential 
Input 


Differential 
voltages 
anywhere 
within 
the common- 


mode range of the input amplifier 
can be accepted 
by 


the 
input 
(specifically 
from 
1V below 
the 
positive 


supply 
to 
1.SV above 
the 
negative 
supply). 
The 


system 
has a CMRR 
of86dB 
(typ) 
in this range. Care 


must 
be 
exercised, 
however, 
to 
ensure 
that 
the 


integrator 
output 
does 
not 
saturate, 
since 
the 
in- 


tegrator 
follows 
the common-mode 
voltage. 
A large 


positive 
com mon-mode 
voltage 
with a near fu II-scale 
negative 
differential 
input 
voltage 
is a worst-case 


condition. 
When most of the integrator 
output 
swing 


has been 
used 
up 
by the 
positive 
common-mode 


voltage, 
the 
negative 
input 
signal 
drives 
the 
inte- 


grator 
more positive. 
The integrator 
swing 
can be re- 


duced 
to less than 
the 
recommended 
2V full-scale 


swing 
with no loss of accuracy 
in these critical 
appli- 


cations. 
The integrator 
output 
can swing 
within 
O.3V 


of either 
supply 
without 
loss of linearity. 


Analog Common 


The primary purpose of this pin is to set the common- 
mode voltage for battery operation. This is useful for any 
system where the input signals are floating with respect 
to the power supply. A voltage of approximately 
2.8V less 


than the positive supply is set by this pin. The Analog 
Common has some of the attributes of a reference volt- 
age. If the total supply voltage is large enough to cause 
the zener to regulate (> 7V), the common 
voltage 
will 


have a low output 
impedance 
(approximately 
1SO), a 


temperature 
coefficient 
of typically 80 ppm/'C 
and a low 


voltage coefficient 
(.001 %). 


During auto-zero and reference integrate the internal in- 
put low is connected 
to Analog Common. If IN-LO is dif- 


ferent from Analog-Common, 
a common-mode 
voltage 
exists in the system and is taken care of by the excellent 
CMRR of the converter. 
In some applications, 
however, 


IN-LO will be set at a fixed known voltage (e.g., power 
supply common). 
Whenever 
possible 
Analog Common 
should be tied to the same point, thus removing the com- 
mon-mode voltage from the converter. The same holds 
true for the reference 
voltage. 
If convenient, 
the refer- 
ence should be referenced to analog common as shown 
in Figure 48. This will remove the common-mode 
voltage 


from the reference system. 


Analog common 
is internally tied to an N-channel 
FET 
that can sink SOOp.A or more of current. This will hold the 
analog common voltage 2.8V below the positive supply 
(when a source is trying to pull the common line positive). 
There is only 1 p.A of source current, however, so com- 
mon may easily be tied to a more negative voltage, thus 
over-riding the internal reference. 
______________ 
T•• t 


Two functions are performed 
by the test pin. The first is 
using this pin as the negative supply on the 7126. This is 
useful for externally 
generated 
segment 
drivers or any 
other annunciators 
the user may want to include on the 
LCD. This pin is coupled to the internally generated digi- 
tal supply through 
a 5000 
resistor. 
This application 
is 
illustrated in Figures S & 6. 


A lamp test is the second function. All segments will be 
turned 
on and the display should 
read 
-1888, 
when 
TEST is pulled high (V +). 


Caution: In the lamp test mode, the segments 
have a 
constant de voltage (no square wave). This can burn the 
LCD (display) if left in this mode for several minutes. 
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_________ 
Digit., Section 


The 
digital 
section 
for 
the 
ICL7126 
is illustrated 
in 
Figure 
7. In Figure 
7, an 
internal 
digital 
ground 
is 
generated 
from a 6V zener diode and a large P channel 
source 
follower. 
This supply 
is made stiff in effort 
to 
absorb 
the large capacitive 
currents 
when 
the back 
plane 
(BP) voltage 
is switched. 
The BP frequency 
is 
calculated 
by dividing 
the clock frequency 
by 800. For 
example, 
with a clock frequency 
of 48kHz (3 readings 
per second), 
the backplane 
will be a 60Hz square wave 
with 
a nominal 
amplitude 
of 5V. The segments 
are 
driven at the same frequency 
and amplitude. 
Note that 
these are out-of-phase 
when the BP is On and in-phase 
when 
OFF. Negligible 
dc voltage 
exists 
across 
the 
segments 
in either case. 


The 
polarity 
indication 
is "on" 
for 
negative 
analog 
inputs, for the ICL7126. If desired 
IN-HI and IN-LO can 
be reversed giving a "on" for positive analog 
inputs. 


System Timing 


The clocking 
circuitry 
for the ICL7126 is illustrated 
in 
Figure 7. Three approaches 
can be used: 


1. A crystal 
between 
pins 39 and 40. 


2. An external 
oscillator 
connected 
to pin 40. 


3. An RC oscillator 
using all three pins. 


The decade counters 
are driven by the clock frequency 
which 
is divided 
by four. This frequency 
is then further 
divided to form the four convert-cycle 
phases, namely: 


signal 
integrate 
(1000 counts), 
reference 
de-integrate 
(0 to 2000 counts), 
auto-zero 
(260 to 2989 counts) 
and 
zero integrator 
(11 to 740). 


The signal integration 
should 
be a multiple 
of 60Hz to 
achieve 
a maximum 
rejection 
of 60Hz 
pickup. 
Os- 
cillator 
frequencies 
of 331/3kHz, 40kHz, 48kHz, 60kHz, 


80khZ, 120kHz, 240kHz, etc., should 
be selected. Simi- 
larly, for 50Hz rejection, oscillator frequencies 
of 200kHz, 


100kHz, 662/3kHz, 50kHz, 40kHz, etc., are appropriate. 
Note that 40kHz (2.5 readings/second) 
will reject both 
50 and 60Hz (also 400 and 440Hz). 


Auto-zero 
receives 
the 
unused 
portion 
of reference 
deintegrate 
for signals less than full-scale. 
A complete 
measurement 
cycle 
is 4,000 
counts 
(16,000) 
clock 
pulses)! 
independent 
of input voltage. As an example, 


an OSCillator frequency 
of 16kHz would 
be used to 
obtain 
one reading 
per second. 
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Component 
Value Selection 


Auto-Zero 
Capacitor 


The noise of the system is influenced 
by the auto-zero 


capacitor. 
For a 2V scale, a 0.1p.Fcapacitor 
is adequate. 
While the Maxim 
ICL7126 will operate 
with a 0.33p.F 


capacitor, 
a 0.47p.F capacitor 
is recommended 
for the 


200mV full scale where 
noise rejection 
is very impor- 


tant. 
Due to the ZI phase, 
noise can be reduced 
by 


using 
a larger 
auto-zero 
capacitor 
without 
causing 


hysteresis 
or overrange 
hangover 
problems. 
Reference Capacitor 


For most applications, 
a 0.1p.Fcapacitor 
is acceptable. 


However, 
a large value is needed 
to prevent 
roll over 


error where a large common-mode 
voltage exists (i.e., 


the REF-LO pin is not at analog common) 
and a 200mV 


scale is used. Generally, 
the roll over error will be held 


to half a count 
by using a 1.0p.Fcapacitor. 


Integrating 
Capacitor 


To ensure that the integrator 
will not saturate 
(approxi- 
mately 0.3V from either supply). an appropriate 
integrat- 
ing capacitor 
must 
be selected. 
A nominal 
±2V full- 


scale integrator 
swing 
is acceptable 
when the analog 


common 
is used as a reference. 
The nominal 
value for 


CINT 
is 0.15p.F at one 
reading 
per second. 
(16kHz 


clock). 
This value should 
be changed 
in inverse pro- 


portion 
to maintain 
the same output swing if a different 


oscillator 
frequency 
is used. 


The integrating 
capacitor 
must have low dielectric 
ab- 
sorption 
to minimize 
linearity 
errors. 
Polypropylene 


capacitors 
are recommended 
for this application. 


Integrating 
Resistor 


The 
integrator 
and the buffer 
amplifier 
both 
have a 


class A output stage with 6p.A of quiescent 
current and 


can supply 
1p.A of drive current 
with 
negligible 
non- 
linearity. 
The 
integrating 
resistor 
should 
be large 


enough 
to keep the amplifiers 
in the linear region over 


the 
entire 
input 
voltage 
range. 
The 
resistor 
value, 


however, 
should 
be low enough 
that undue 
leakage 


requirements 
are not placed on the PC boards. 
For a 


200mV scale, a 180kO resistor 
is recommended; 
(2V 


scale/1.8MEGO). 


Reference Voltage 


An analog 
input 
voltage 
of VIN equal 
to 2 (VREF) is 


required 
to generate 
full scale output 
of 2000 counts. 


Thus, for 2V and 200mV scales, VREFshould 
equal 1V 


and 
100mV respectively. 
However, 
there 
will 
exist 
a 


scale factor 
other 
than 
the 
unity 
between 
the 
input 


voltage 
and the digital 
reading 
in many applications 


where the AID is connected 
to a transducer. 


As an example, 
the designer 
may like to have a full 


scale reading 
in a weighing 
system 
when the voltage 


from the transducer 
is 0.682V. The designer 
should use 


the 
input 
voltage 
directly 
and select 
VREF at 0.341V 
instead of dividing 
the input down to 200mV. A suitable 


value of the integrating 
resistor 
would 
be 330kO. This 


provides 
for 
a slightly 
quieter 
system 
and 
avoids 
a 


divider network 
on the input. Another 
advantage 
of this 


system 
occurs 
when 
the 
digital 
reading 
of zero 
is 


desired 
for VIN cp zero. Examples 
are temperature 
and 


weighing 
systems with variable tare. By connecting 
the 


voltage transducer 
between VIN positive and common, 


and 
the 
variable 
(or 
fixed) 
offset 
voltage 
between 


common 
and 
VIN negative, 
the offset 
rating 
can be 


conveniently 
generated. 


Oscillator 
Components 


A 50pF capacitor 
is recommended 
for all ranges 
of 


frequency 
and the resistor 
is selected 
from the equa- 


tion f ~ 0.45/RC. For 48kHz clock 
(3 readings/second), 


R = 180kO, for 16kHz, R = 560kO. 
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Figure 9. 7126 Operated 
from Single +5V Supply. An external 
reference 


must be used in this application. 
since the voltage between 
v+ and V" is 


insufficient 
for correct operation 
of the internal 
reference. 
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• Values depend on clock frequency. 
See Figure 1 & 2. 


Figure 
10. 7126 
Measuring 
Ratiometric 
Values of Quad Load Cell. 
The 
resistor values within the bridge are determined 
by the desired sensitivity. 
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Figure 11. 7126 used as a Digital Centigrade 
Thermometer. A silicon diode- 


connected 
transistor 
has 
11 temperature 
coefficient 
of about 
-2m vr C/. 


Calibration 
is achieved by placing 
the sensing 
transistor 
in ice water and 


adjusting 
the zeroing potentiometer 
for a 000.0 reading. 
The sensor should 
then be placed in boiling water and the scale-factor 
potentiometer 
adjusted 
for a 100.0 reading . 
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_______ 
.General Description 


The 
Maxim 
ICL7129A1MAX7129 
is a high 
precision 
monolithic 
4-1/2 digit AID converter 
that directly 
drives 
a multiplexed 
liquid 
crystal 
display. 
Using 
a novel 


"successive 
integration" 
technique, 
the 
ICL7129A1 


MAX7129 
has a ±20,OOO count 
resolution 
on 
both 
2.00000V and 200.00mV ranges. It features 
high impe- 
dance differential 
inputs, excellent 
differential 
linearity, 


true ratiometric 
operation 
and auto polarity. 
The only 
external 
active component 
required 
to make precision 
DVM/DPMs 
is a reference. 
The overrange 
and under- 
range 
outputs 
and 
the 
10:1 range 
changing 
input 


facilitate 
the 
design 
of 
autoranging 
systems. 
The 


ICL7129A1MAX7129 detects and flags a LOW BATTERY 
condition 
and 
also 
checks 
for 
continuity, 
giving 
a 
visual 
indication 
and a logic 
level output 
which 
can 
be used to generate 
an audible 
signal. 


The 
MAX7129 
has a fullscale 
accuracy 
of 0.0005%, 
resolution 
of 10,N, 
zero 
reading 
drift 
of 0.5IlVloC, 


an input 
bias of 10pA max, and 
a rollover 
error 
of 
less than 
1 count. 
Maxim 
has reduced 
the noise 
of 
the 
ICL7129A 
to 
3llV-significantly 
lower 
than 
the 
MAX7129. 
__________ 
Applications 


This device can be used for a wide range of precision 
digital 
voltmeter, 
multi meter 
and 
panel meter 
appli- 


cations. 
Most applications 
involve 
the measurement 
and display 
of analog data: 


Pressure 
Weight 
Voltage 
Current 
Resistance 
Speed 
Temperature 
Material Thickness 


lOW 
BATTERY 
CONTINUITY 
-I.B.B.B.B 


1.2V 
BANDGAP 
REFERENCE 


• ±19,999 Count 
Resolution 
• 
10pA Max Input 
Bias Current 
(MAX7129) 
• 
3p.V peak to peak noise (ICL7129A) 
• Onboard 
Multiplexed 
LCD Display 
Driver 
4-1/2 Digits, 4 Decimal 
Points, 3 Annunciators 
• 
Instant 
Continuity 
Detector 
• 
Low Battery 
Detector 
and Indicator 
• 
Overrange/Underrange 
Outputs 
• 
Precise 10:1 Range Select 
• 
10p.V Resolution 
• 
Significantly 
Improved 
ESD protection 
• 
Monolithic, 
Low Power CMOS Design 
• 
Eliminates 
Need for Compensation 
Capacitor 


PART 
TEMP. RANGE 
PACKAGE 
MAX7129CPL 
O°C to +70°C 
40 Lead Plastic DIP 
MAX7129CJL 
O°C to +70°C 
40 Lead C~RDIP 


MAX7129CQH 
O°C to +70°C 
44 Lead Plastic 
Chip Carrier 
MAX7129C/D 
O°C to +70°C 
Dice 


ICL7129ACPL 
O°C to +70°C 
40 Lead Plastic DIP 
ICL7129ACJL 
O°C to +70°C 
40 Lead CERDIP 


ICL7129ACQ 
O°C to +70°C 
44 Lead Plastic 
Chip Carrier 
ICL7129AC/D 
O°C to +70°C 
Dice 


OBe2 


OSC3 2 
OPt 


ANNUNICATORDRIVE 3 
DPz 


8,. 
Ct. CONT 
•• 
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A1.G,. 0, 
5 
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• 
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ABSOLUTE MAXIMUM RATINGS 


Supply 
Voltage 
(V' to V-) 
...........••....•........ 
15V 
Reference 
Voltage 
(REF HI or REF LO) 
...•..... 
V'to 
V- 


Input 
Voltage 
(Note 
1) 


(IN HI or IN LO) 
: •...................... 
V'to 
V- 


VDISP 
V'to 
DGND 
- 0.3V 
Digital 
Input 
Pins 
1, 2, 19, 20, 21, 22, 27, 
37, 38, 39, 40 
DGND 
to V' 
Analog 
Input 
Pins 
25, 29, 30 
.......•.......................... 
V' to V- 


Power 
Dissipation 
(Note 
2) 
CERDIP 
package 
1000mW 


Plastic 
package 
800mW 
Plastic 
Chip 
Carrier 
(Quad) 
Package 
.........•.............••... 
700mW 
Operating 
Temperature 
Range 
.....•...... 
O°C to +70°C 
Storage 
Temperature 
Range 
-65°C 
to +160°C 
Lead Soldering 
Temperature 
(10 sec.) 
300° C 


Stresses 
above 
those 
listed 
under 
''Absolute 
Maximum 
Ratings" 
may cause 
permanent 
damage 
to the device. 
These 
are stress 
ratings 
only 
and 


functional 
operation 
of the device 
at these or any other 
conditions 
above 
those 
indicated 
in the operational 
sections 
of the specifications 
is not implied. 


Exposure 
to absolute 
maximum 
rating conditions 
for extended 
periods 
may affect device reliability. 


ELECTRICAL 
CHARACTERISTICS 
(MAX7129) 


(V· to v- = 9V, VREF= 1.00v. TA = +25°C, fClK = 120kHz, unless otherwise noted.) 


PARAMETER 
CONDITIONS 
MIN. 
TYP. 
MAX. 
UNIT 


Zero Input Reading 
V,N = OV.200mV Scale 
-0000 
0000 
+0000 
Reading 


Zero Reading Drift 
V,N = OV,O°C" 
TA" 
+70°C 
±0.5 
p.V/oC 


Ratiometric 
Reading 
V,N = VREF= 1000mV, RANGE = 2V 
9998 
9999 
10000 
Reading 


Range Change Accuracy 
V,N = 0.10000V on Low Range.;- 
0.9999 
1.0000 
1.0001 
Ratio 
V,N = 0.10000V on High Range 


Rollover Error 
-V'N = +V,N= 199mV 
0.5 
1.0 
Counts 


Linearity 
Error 
200mV Scale 
0.5 
Counts 


Input Common-Mode 
VCM= 1.0V,V,N = OV 
110 
dB 
Rejection Ratio 
200mV Scale 


Input Common-Mode 
V,N = OV 
(V-) + 1.5 
(V+) - 0.5 
V 
Voltage Range 
200mV Scale 


Noise (p-p Value not 
V,N = OV 
7.0 
p.V 
Exceeded 95% of Ti me) 
200mV Scale 


Input Leakage Current 
V,N = OV,IN HI 
1 
10 
pA 
V,N = OV, IN LD 
3 
40 
pA 


Scale Factor Tempco 
V,N= 199mV, O°C'; 
TA';+70°C 
2 
5 
ppmfOC 
Externai VREF= Oppm/o C 


COMMON 
Voltage 
V+ to Pin 28 
2.8 
3.2 
3.5 
V 


COMMON 
Sink Current 
~Common 
= +0.1V 
0.1 
2.0 
mA 


COMMON 
Source Current 
~Common 
= -0.1V 
1 
9 
15 
p.A 


DGND Voltage 
V'to 
Pin 36 
4.5 
5.3 
5.8 
V 


DGND Sink Current 
~DGND = +0.5V 
0.5 
1.2 
mA 


Supply Voltage Range 
V+ to V- 
6 
9 
14 
V 


Supply Current Excluding 
1.0 
1.4 
mA 
COMMON 
Current 


Clock Frequency 
120 
360 
kHz 


Dispiay Multiplex 
Rate 
100 
Hz 


VOISPResistance 
VOISPto V' 
20 
50 
100 
kO 


Low Battery Flag 
V+ to V- 
6.3 
7.2 
7.7 
V 
Activation 
Voitage 


CONTINUITY 
Comparator 
VOUTPin 27 = HI 
100 
200 
mV 
Threshold 
Voltages 
VOUTPin 27 = LO 
200 
400 
mV 


Pull-Down 
Current 
Pins 37, 38, 39 
0.25 
2 
10 
p.A 


"Weak Output" 
Current 
Pin 20, 21 
0.25 
3/3 
10 
p.A 


Sink, Source 
Pin 27 Sink/So urce 
0.25 
3/9 
15 
p.A 


Pin 22 Source Current 
1 
40 
100 
p.A 
Pin 22 Sink Current 
0.25 
3 
10 
p.A 


4-1/2 Digit Single-Chip 
A/D Converter with LCD Driver 


ABSOLUTE 
MAXIMUM 
RATINGS: This device conforms 
to the Absolute 
Maximum Ratings on adjacent page. 


ELECTRICAL 
CHARACTERISTICS 
(ICL7129A) 


(v+ to v- ; 911,VREF; toov. 
TA; +25° C, fCLK; 120kHz, unless otherwise 
noted. Test Circuit without 
Ce.) 


PARAMETER 
CONDITIONS 
MIN. 
TYP. 
MAX. 
UNIT 


Zero Input Reading 
V,N; OV,200mV Scale 
-0000 
0000 
+0000 
Reading 


Zero Reading Drift 
V,N; OV,O°C 5TA 5+70°C 
±0.5 
I'VioC 


Ratiometric 
Reading 
V,N; VREF; 10oomV, RANGE; 
2V 
9998 
9999 
10000 
Reading 


Range Change Accuracy 
V,N; 0.10oo0V on Low Range + 
0.9999 
1.0000 
1.0001 
Ratio 
V,N ; 0.10oo0V on High Range 


Roiiover Error 
-V,N; 
+V,N; 
199mV 
0.5 
to 
Counts 
Linearity 
Error 
200mV Scale 
0.5 


Input Common-Mode 
VCM; 1.011,V,N; OV 
110 
dB 
Rejection Ratio 
200mV Scale 


Input Common-Mode 
V,N; OV 
(V-) + 1.5 
(V+) - 0.5 
V 
Voltage Range 
200mV Scale 


Noise (p-p Value not 
V,N; OV 
3.0 
(Note 4) 
I'V 
Exceeded 95% of Time) 
200mV Scale 


Input Leakage Current 
V,N; OV,IN HI 
13 
20 
pA 
V,N; OV, IN LO 
15 
40 


Scale Factor Tempco 
V,N; 
199mV, O°C 5 TA';; +70°C 
2 
5 
ppmfOC 
External VREF; OppmfOC 


COMMON 
Voltage 
V+ to Pin 28 
2.8 
3.2 
3.5 
V 


COMMON 
Sink Current 
:'Common 
; +0.1V 
0.1 
2.0 
mA 


COMMON 
Source Current 
Il.Common ; -0.1V 
1 
9 
15 
I'A 
DGND Voltage 
V+ to Pin 36, V+ to V- ; 9V 
4.2 
5.3 
5.8 
V 


DGND Sink Current 
Il.DGND ; +0.5V 
0.5 
1.2 
mA 


Supply Voltage Range 
V+ to V 
6 
9 
14 
V 


Supply Current Excluding 
V+toV-;9V 
to 
1.4 
mA 
COMMON 
Current 


Clock Frequency 
120 
360 
kHz 


Display Multiplex 
Rate 
fCLK; 120kHz 
100 
Hz 


VOISPResistance 
VOISPtOV+ 
20 
50 
100 
kfi 


Low Battery Flag 
V+ to V- 
6.3 
7.2 
7.7 
V 
Activation 
Voltage 


CONTINUITY 
Comparator 
VOUTPin 27; 
HI 
100 
200 
mV 
Threshold 
Voltages 
VOUTPin 27; 
LO 
200 
400 
mV 


Puii-Down 
Current 
Pins 37, 38, 39 
0.25 
2 
10 
I'A 
"Weak Output" 
Current 
Pins 20, 21 
0.25 
3/3 
10 
I'A 
Sink, Source 
Pin 27 Sink/Source 
0.25 
3/9 
15 
I'A 
Pin 22 Source Current 
1 
40 
100 
I'A 
Pin 22 Sink Current 
0.25 
3 
10 
I'A 


Input voltages may exceed the supply voltages provided that input current is limited to ±400~A. Current above this value-may result in invalid display 
readings but will not destroy the device if limited to ±mA. 
Dissipation 
ratings assume device is mounted with all leads soldered to printed circuit board. 


All pins on Maxim's MAX7129 and ICL7129A 
are designed 
to withstand 
electrostatic 
discharge 
(ESD) levels in excess of 2000V. (Test circuit per 


Mil. Std. 883, Method 3015.1) 
T~~7~::~mc~~~ 
~1J;~~yS~fSi~I~~~a~~: 
~~~~:~~~7:~~~ut:t~~ 
n~~~::~~ 
~~~~~j:c~Y~~~~~~~~II·nT~bs 
~;Ss~~i~1 
tr~~fICLa7~~;~e~ii~~I~Pt~tr~~I~~?f:'r~~ 
numbers for a constant input voltage. 
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L.OWBATTERY 
CONTINUITY 
-I.B.B.B.B 


1.2V 
BANDGAP 


VlP~ 
REFERENCE 


ICL7129A/MAX7129 
do not require 
the use of an additional 
compensation 
capacitor. 
Ceo which 
must 
NOT 
be used. 


Figure 
1. MAX7129/ICL7129A 
Test Circuit 


PIN 
NAME 
FUNCTION 


1 
OSC1 
Input to first clock inverter. 


2 
OSC3 
Output of second clock inverter. 


3 
ANNUNCIATOR 
Backplane squarewave output for driv- 
DRIVE 
ing annunciators. 


4 
B" C" CONT 
Output to display segments. 


5 
A"G"D, 
Output to display segments. 


6 
F" E" DP, 
Output to display segments. 


7 
B2, C2, LO BATT 
Output to display segments. 


8 
A2, G2, 02 
Output to display segments. 


9 
F2, E2,DP2 
Output to display segments. 


10 
B3, C3, MINUS 
Output to display segments. 


11 
A3, G3, 03 
Output to display segments. 


12 
F3, E3, DP3 
Output to display segments. 


13 
B4, C4, BCs 
Output to display segments. 


14 
A4, G4, 04 
Output to display segments. 


15 
F4, E4, DP4 
Output to display segments. 


16 
BP3 
Backplane #3 output to display. 


17 
BP2 
Backplane #2 output to display. 


18 
BP1 
Backplane #1 output to display. 


19 
VOIS? 
Negative supply for display drivers. 


20 
DP.,IOR 
INPUT: Turns on most significant 
decimal point when HI. 
OUTPUT: Pulled HI when result count 
exceeds ±19,999. 


21 
DP:J/UR 
INPUT: When floating, MAX7129/ICL7129 
significant 
decimal point when HI. 


OUTPUT: Pulled HI when result count 
is less than +1,000. 


22 
LATCH/HOLD 
INPUT: When floating, 
ICL7129 
operates in the free-run mode. When 
pulled HI, the last displayed 
reading is 
held. When pulled LO, the result 
counter 
contents 
are shown 
increment- 
ing during the de-integrate 
phase of 
cycle. 
OUTPUT: Negative going edge occurs 
when the data latches are updated. 
Can be used as a converter status 
signal. 


LOW IATTERY 
CONTINUITY 
-I.B.B.B.B 


.MAXI.M 


ICL7129A/ 
MAX7129 


Figure 
2. Simplified 
Block 
Diagram 
of MAX7129/ICL7129A 
Digital 
Section 


PIN 
NAME 
FUNCTION 


23 
V- 
Negative power supply terminal. 


24 
V+ 
Positive power supply terminal, and 
positive supply for display drivers. 


25 
INT IN 
Integrator amplifier 
input. 


26 
INT OUT 
Integrator amplifier output. 


27 
CONTINUITY 
INPUT: When LO, continuity 
flag on 
the display is off. When HI, continuity 
flag is on. 
OUTPUT: HI when voltage between 
inputs is less than +200mV. LO when 
voltage between inputs is more than 
+200mV. 


28 
COMMON 
Sets common-mode 
voltage of 3.2V 
below V+ for DE, 10X, etc. 


29 
CREF + 
Positive side of external reference 
capacitor. 


30 
CREF- 
Negative side of external reference 
capacitor. 


31 
BUFFER 
Buffer amplifier output. 


32 
IN LO 
Negative input voltage terminal. 


33 
IN HI 
Positive input voltage terminal. 


34 
REF HI 
Positive reference voltage input. 


35 
REF LO 
Negative reference voltage input. 


36 
DGND 
Ground reference for digital section. 


37 
RANGE 
31'A pull-down 
for 200mV scale. Pulled 
HIGH externally 
for 2V scale. 


38 
DP2 
Internal 31'A pull-down. 
When HI, 


decimal point 2 will be on. 


39 
DP, 
Internal 31'A pull-down. 
Turns on least 


significant 
decimal point when HI. 


40 
OSC2 
Output of first clock inverter. Input of 
second 
clock 
inverter. 
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______ 
Det.iled Description 


Conversion 
Technique 


The ICL7129NMAX7129differs from earlier integrating 
NDs 
in two ways. First, it uses a variant of the dual- 
slope method called "successive integration." Sec- 
ondly, it usesdigital autozeroil'1grather than an analog 
autozero loop requiring an external autozero capac- 
itor. Earlier converters stored an offset correction 
voltage on the autozero capacitor. Although 
this 


method worked well for 100/N 
resolution NDs, 
the 


autozero loop resulted in greatly increased noise in 
the earlier generation of integrating NDs, 
making 


them unsuitable for 10/N 
resolution systems. The 


ICL7129NMAX7129 eliminates the autozero capacitor 
and the noise associated with the autozero loop by 
performing two conversions with 5'12 digit resolution. 
The first conversion is performed with the ND con- 
nected to the external inputs, Input HI and Input LO. 
The second conversion is performed with the ND 
inputs internally shorted together. The results of this 
second conversion, which is proportional to the ND's 
offset, is digitally subtracted from the first reading to 
generatean offset-eorrected,autozeroed measurement 
result. 


The ICL7129NMAX7129 enhances the dual slope 
conversion technique through 
multiple dual slope 


conversions, with each successive conversion having 
10 times the resolution of the preceding conversion. 
The key to this "successive integration" technique is 
the multiplication of the residual voltage on the inte- 
grator capacitor after each conversion. The ICL7129N 
MAX7129 first performs a 3'12 digit dual slope con- 


version. The De-integration cycle terminates on the 
next positive clock edge after the integrator output 
crosses zero, leaving a small residue of voltage on 
the integrator capacitor. Unlike other ND convertors, 
the ICL7129NMAX7129 multiplies this residue by a 
factor of 10, then performs another dual slope con- 
version. Since the residue on the integrator capacitor 
has been multiplied by 10the resolution of the second 
De-integration cycle is also increased by a factor of 
10, and the ICL7129NMAX7129 achieves 4'12 digit 
resolution during the second De-integration cycle. 
The integrator capacitor residue left after the second 
De-integration cycle is again multiplied by 10, and 
the ICL7129NMAX7129 performs a third De-integra- 
tion cycle, this time with 5'12 digit resolution. 
Figure 2 shows a simplified block diagram of the 
ICL7129NMAX7129 digital 
section. The sequence 


counter/decoder section keeps track of the many 
separate phases required for each conversion cycle 
and provides timing signals to the control logic. The 
sequence counter runs continuously and is indepen- 
dent of the up/down results counter, which is activated 
only when the integrator is De-integrating. The data 
remaining in the results counter at the end of a 
conversion is latched, decoded and multiplexed to 
the liquid crystal display. 
Figure 3 shows a block diagram of the analog section 
including all of the analog switches used to configure 
the voltage sources and amplifiers in the different 
phasesof the conversion cycle. The reference switch- 
ing and input schemes are very similar to those in 
other less accurate, integrating ND converters. A 
typical waveform on the integrator output is illustrated 


TO 
DISPlAY 
DRIVER 
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in Figure 
4. INT1 refers to the signal 
integrate 
phase 


where 
the 
input 
voltage 
is applied 
to the integrator· 


amplifier 
via the 
buffer 
amplifier. 
In this 
phase, 
the 


integrator 
ramps 
over 
a fixed 
period 
of time 
in a 


direction 
opposite 
to the polarity 
of the input voltage. 
In the De-integrate 
phases, 
DE1' DE2' and 
DE3, the 


reference capacitor 
is connected 
to the buffer amplifier 


and the integrator 
ramps back down towards Common, 


the level at which 
it started 
integrating. 
Since the De- 


integrate 
phase 
can terminate 
only 
at a clock 
pulse 


transition, 
there 
is always 
a small 
overshoot 
of the 


integrator 
past 
the 
starting 
point. 
The 
ICL7129N 


MAX7129 
amplifies 
this overshoot 
by -10 in the X10 


phase 
and 
DE2 begins. 
Similarly 
DE2'S overshoot 
is 


amplified 
by -10 and DE3 begins. 
At the end of DE3 


the results 
counter 
holds a number 
with 5'h digits 
of 


resolution. 
This result is obtained 
by feeding 
counts to 


the results counter 
at the 3'h digit level during 
DE1' to 


the 4'h digit counter 
during 
DE2 and the 5'h digit level 


during DE3. The effects of offset in the buffer, integrator, 
and comparator 
can now be cancelled 
by repeating 


this entire sequence 
with the inputs shorted 
together 


and subtracting 
the results from the original 
reading. 


The 
INT2 switch 
for 
this 
phase 
is closed 
so 
the 


integrator's 
common 
mode voltage 
is the same as the 


measurement 
cycle, 
thus 
ensuring 
excellent 
CMRR. 


The data in the up/down 
results counter 
at the end of 


the conversion 
cycle, accurate 
to 0.005% of full scale, 


is sent to the on board display driver for decoding 
and 


multiplexing. 


Oscillator and Clock Genarator 


The ICL7129NMAX7129 
has an oscillator 
suitable 
for 


either crystal 
or RC operation. 
The oscillator's 
output 


is internally 
divided 
by two to generate 
a system clock 


with a precise 50% duty cycle. All references 
to clock 


cycles 
in this 
data sheet 
refer to the system 
clock, 


which 
is half the frequency 
of the oscillator. 


The crystal 
oscillator 
shown 
in Figure 
5A is recom- 


mended 
for most applications. 
The crystal 
frequency 


should be 120kHz for maximum 
normal mode rejection 


at 
60Hz, 
and 
100kHz 
for 
maximum 
normal 
mode 


rejection 
at 50Hz. 


Since an RC oscillator 
has more short term frequency 


jitter than a crystal oscillator, 
a crystal oscillator 
should 


be used for 4'h digit, 
lO/LV resolution 
measurements. 


The RC oscillator 
shown 
in Figure 58 is adequate 
for 


low resolution 
applications, 
(3'h digits at 100/LV resolu- 


tion). 
The 
capacitor 
value 
should 
be 
51pF 
for 
all 


frequencies, 
and 
the 
resistor 
value 
calculated 
from 


fosc = 0.45/RC. 


Sequence 
Counter and Control Lagle 


This 
section 
provides 
the 
signals 
that 
control 
the 


operation 
of the 
analog 
section. 
The 
comparator 


output 
is the only input from the analog 
to the digital 


I 
I 
I 
I 
---' 
2 


4-1/2 Digit Single-Chip 


A/D Converter with LCD Driver 


~'"l 


BP2 
IACKPLAH£ 


• ., 
CONN'CTION. 


fa.Ea.OPs 


~Oa.DI 


I"C",MINUI 


Ia. 
Ca.lOW 
IATT!:AY 
.•.•0,.0. 


F.Ea.DPa 


AIIAXIAII 
ICL7129A/MAX7129 


Figure 6. Triplexed Liquid Crystal Display Layout 


section. 
The 
digital 
section 
uses 
the 
comparator 


output 
to determine 
the 
polarity 
of the integrator's 


output 
and to gate clock 
counts 
into 
the Up/Down 


Results 
Counter. 
The control 
logic 
also responds 
to 


t~e external 
digital 
inputs: 
Range, 
Hold, 
and 
Con- 
tinUity. 
It also 
generates 
the 
digital 
outputs: 
Over- 


range, Underrange, 
Latch, and Continuity. 


Display Driver 


The 
ICL7129A1MAX7129 
can be used to drive 
a tri- 


ple~e:d liquid.c.rystal 
display 
with three backplanes. 
In 


addition to driVing 4'1.-7 segment digits, the ICL7129A1 
fo..:1AX7~29 
ca:n d.ire,7tly dri~e the decimal 
points, polarity 


sl.gn, 
Continuity, 
and 
Low 
Battery" 
annunciators. 
Figure 
6 shows 
the 
assignment 
of 
the 
36 display 


se~me:nts 
to the 
three 
backplanes 
and 
12 segment 


drive lines. The ICL7129A1MAX7129 
divides the oscil- 


lator 
frequency 
by 1200 to generate 
the 
backplane 


fr~uency, 
resulting 
i!1a backplane 
frequency 
of 100Hz 


with 
a 120kHz 
OSCillator 
crystal 
or 
83.3Hz 
with 
a 


100kHz 
crystal. 
Figure 
7 shows 
the 
backplane 
and 


annunciator 
output 
waveforms. 


Range Input 


With a 1V reference, 
the ICL7129A1MAX7129 
has a 2V 


full scale when the Range input 
is high and a 200mV 


full scale when 
the Range 
input 
is low or open. The 


ICL7129A1MAX7129 
achieves a precise 10:1 change 
in 


scale factor 
by reducing 
the integration 
period 
from 


10,000 clock cycles on the 200mV range to 1000 clock 
cycles 
on the 2V range. 


,-------- 
IL£ 


I 
I 
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DP4!OR PIN 20 } I 
DP3"UR PIN 21 
i:iTCHIHOLD PIN 22 
CONTINUITY PIN 27 
I 
.AI1AXI.M 
L~~~~~~~!!~ 


Digital I/O Pins 


F?ur 
.of 
the 
ICL7129A1MAX7129's 
pins 
are 
quasi- 


directional 
and can be used as either inputs or outputs. 


As shown 
in Table 1, DP4/0R, 
DP3/UR, 
Latch/Hold 


a~d Continuity 
each have dual inpuVoutput 
functions: 


Figure 8 ~how~ a simplifie~ 
schematic 
of these inpuV 


output 
p.lns. Since 
there 
IS approximately 
500kO 
in 


series 
with 
these 
outputs, 
they 
can only 
drive 
very 


light 
loads 
such 
as 4000 series, 
74CXX type 
CMOS 


logic, 
or other 
high 
input 
impedance' 
devices. 
Since 


th!3 output 
drive 
current 
is limited 
to 
only 
a few 


mlcroamps, 
the outputs 
are easily overdriven 
by 4000 


series CMOS 
when the pin is used as an input. 


Latch/Hold 


The Latch/Hold 
pin puts out a low-going 
pulse during 


the last 100 clock cycles of each conversion. 
This low- 


going 
pulse 
latches 
the 
conversion 
data 
into 
the 


onboard display driver section. The ICL7129A1MAX7129 
will not update the display, and the display will continue 
to sho:", the previous 
reading 
if the Latch/Hold 
pin is 


held hIgh. If the Latch/Hold 
pin is held low, the display 
latches 
are 
transparent 
and 
the 
counting 
of 
the 


sequence 
counter 
can 
be observed 
during 
the 
de- 


integrating 
phases. 


OverRange 
(OR pin 20) and UnderRange 
(UR pin 21) 


outputs 
are valid on the falling edge of Latch/Hold 
and 


remain in that state until the end of the next conversion 
cycle. 


-- 


A/D Converter-with 
LCD Driver 


O'lerrange and Underrange Outputs 


The DP4/0R 
(Decimal 
Point 4/0verrange) 
output goes 
high if the measurement 
result is greater than ±19,999. 
Similarly, 
the DP3/UR 
(Decimal 
Point 3/Underrange) 
output 
goes high if the measurement 
result is less than 


±1000. These signals 
are updated 
at the end of each 
conversion, 
unless Latch/Hold 
is held high. These pins 
are also Inputs that control 
the decimal 
points, DP3 and 
DP4. A high 
level input 
on these 
pins turns 
on the 
decimal 
point segments 
of the display. If these decimal 
points are not required, 
they can be used as logic level 
controlled 
annunciators. 
Continuity 


An 
internal 
comparator 
with 
a 200mV 
threshold 
is 
connected 
directly 
between 
the INPUT HI and INPUT 
LO pins of the ICL7129NMAX7129 
(see Figure 3). The 
Continuity 
output 
(pin 27) will be pulled high whenever 
the voltage 
between 
the analog 
inputs 
is less than 
200mV 
This activates 
the Continuity 
annunciator 
on 
the display. 
The Continuity 
annunciator 
can also be 
controlled 
by an external 
source 
if desired, 
since the 
Continuity 
pin is one of the four 
quasi-bidirectional 
pins of the ICL7129NMAX7129. 
A pull-down 
resistor 
c~mnected 
betw~en 
Continuity 
and 
DGND 
(pin 
36) 
disables the continuity 
function 
when it is not desired. 


__________ 
Analog Section 


Common, Digital GrouND, and Low Battery 


Figure 9 shows 
how the Common 
and DGND 
(Digital 
GrouND) 
outputs 
of the ICL7129NMAX7129 
are gene- 


rated 
from 
internal 
zener 
diodes. 
Common 
can 
be 
used to set the common 
mode voltage 
in applications 
where 
the 
input 
signals 
float 
with 
respect 
to 
the 
ICL7129NMAX7129's 
power supplies, 
which 
is typical 
for battery 
powered 
applications. 
Common 
can also 
function 
as a pre-regulator 
for an external 
precision 
reference 
voltage 
source. 


The 
voltage 
between 
V+ and 
DGND 
is the 
internal 
supply 
voltage 
for the logic section 
of the ICL7129N 
MAX7129. 
Both 
Common 
and DGND 
are capable 
of 
sinking 
current 
from 
external 
loads, but care should 
be taken 
to ensure 
that these 
outputs 
are not over- 


loaded. 
The connection 
of external 
logic 
circuitry 
to 
the 
ICL7129NMAX7129 
is shown 
in Figure 
10. This 
connection 
will work provided 
that the supply 
current 


requirements 
of the logic 
do not exceed 
the 1.2mA 
current 
sink capability 
of the DGND 
pin. The buffer 
in 
Figure 
10 can b~ used to keep the loading 
on DGND 
to 
a minimum 
If more 
supply 
current 
is required. 


COMMON 
can source 
approximately 
12pA whereas 
DGND 
has no source 
capability. 
Low Battery 


The "Low Battery" 
annunciator 
of the display turns on 
when 
the supply 
voltage 
between 
V+ and 
V- drops 
below 
7.2V The exact 
point 
at which 
this 
occurs 
is 
determined 
by the 
6.3V zener 
diode 
and 
threshold 
voltage of the n-channel 
transistor 
connected 
to the V- 
rail shown 
in Figure 9. 
Buffer 
The ICL7129NMAX7129 
buffer 
has a common 
mode 
input voltage 
range of V- + 1.5V to V+ - 1.0V and can 
supply 
up to 20IJA of output 
current. 


Integrator 


The integator 
can swing 
to within 
0.3V of the supply 
rails while delivering 
20IJA of output 
current. 
It should 
also 
be 
noted 
that, 
unlike 
the 
ICL7129, 
Maxim's 
ICL7129NMAX7129 
provides 
stable operation 
without 


the 
need 
for 
an 
additional 
capacitor 
between 
the 
Intl;lgrator 
Output. and Common 
pins. The compen- 
sation cap used with the ICL7129 must be omitted 
for 
correct 
operation 
of the ICL7129NMAX7129. 


X10 Amplifier 


The X10 ("times ten") amplifier 
provides 
a precise gain 
of -10, without 
using any external 
components. 
This 
amplifier, 
unique to the "successive 
integrator" 
NO, is 
used 
to 
multiply 
the 
residue 
left 
on 
the 
integrator 
capacitor 
after the DE1 and DE2 phases. 


Comparator 


The 
comparator 
has the 
high 
gain 
and 
bandwidth 
needed to rapidly 
detect 
zero crossing. 
The compar- 


ator's output is used by the digital control 
logic to select 
the 
correct 
r>0larity 
for 
De-integration, 
and 
to gate 
clock 
pulses Into the up/down 
results counter 
during 
the De-integration 
phases. 
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Integrating Resistor 


Optimum 
linearity 
is obtained 
by choosing 
the inte- 


grating 
resistor 
value 
is chosen 
so that 
the buffer's 


maximum 
output 
current 
is between 
5 and 201J.A.The 


quiescent 
current 
of the buffer is 70IJ.A,and can supply 


13IJ.A of output 
current 
with 
excellent 
linearity. 
The 


buffer's 
maximum 
output 
current 
occurs 
with 
a full 


scale 
input 
voltage, 
and the optimum 
value of inte- 
grating 
resistor can be calculated 
as: 


RINT = full scale voltage 
= ~ 
= 150kO 
13IJ.A 
13IJ.A 


. Too high a value for the integrating 
resistor 
increases 


the sensitivity 
to noise 
pickup 
and 
increases 
errors 


caused 
by stray 
leakage 
currents. 
Too Iowa 
value 


degrades 
integral 
linearity 
by attempting 
to draw more 


current 
from 
the buffer 
and integrator 
than they can 


provide 
without 
degrading 
linearity. 


Integrating Capacitor 


The maxi m um swi ng of the integ rator du ring the sig nal 
integrate 
phase can be calculated 
as 


Vswing = liNT x TINT 


CINT 


where IiNT= 13IJ.Aif RINTis chosen as described 
above 


and 
TINT = 1,000 clock 
periods 
(16.7ms for 
120kHz 


oscillator 
frequency). 
The 
integrator 
swing 
range 


should 
be maximized 
while avoiding 
saturation 
of the 


integrator 
output. 
The 
integrator 
will 
not 
saturate 


unless its output 
is within 
0.3V of either supply, but for 


the best integral 
linearity 
the integrator's 
output should 


remain 
at least 
1V away 
from 
either 
supply. 
Since 


Common 
is a approximately 
3V below V+,the integrator 


swing 
should 
be 2V Substituting 
these values in the 


above formula, 
CINT can now be calculated 
as: 


CINT = 13.31J.Ax 16.7ms = 0.11J.F 
2V 


Too Iowa 
value for CINT increases 
integrator 
swing to 


the point 
where 
the integrator 
saturates 
and causes 


integral 
linearity 
errors. 
Too high 
a value 
for 
CINT 


reduces the integrator 
swing 
range and increases 
the 


effect of comparator 
noise. If a positive common 
mode 


voltage 
is applied 
to IN LO the value of CINT must be 


reduced 
to keep the integrator 
output 
voltage at least 


1V below V+. 


The 
integrating 
capacitor 
must 
have 
low 
dielectric 


absorption 
to obtain 
low integral 
nonlinearity, 
rollover, 


and 
ratiometric 
errors. 
The 
result 
of measurements 


with 
the 
reference 
tied 
to the 
Input 
HI is a good 


indication 
of the amount 
of dielectric 
absorption 
in the 
integrator 
capacitor. 
A good integrating 
capacitor 
will 
result in a reading 
of 9999, and any deviation 
from this 


reading 
is probably 
due 
to 
dielectric 
absorption. 
Polypropylene 
capacitors 
have 
been 
found 
to 
be 


suitable, 
as have Teflon'· 
capacitors. 
In less critical 


applications 
polystyrene 
and polycarbonate 
capacitors 


may also be used. 


Reference Capacitor 


The reference capacitor's 
dielectric 
absorption 
is rarely 


critical. 
Low dielectric 
absorption 
reference 
capacitors 


are required 
only where fast settling 
time is needed in 
.- 
systems 
with 
a rapidly 
changing 
reference 
voltage 


such 
as 
ratiometric 
ohms 
measurement 
in 
digital 


multi meters. 


The reference 
capacitor 
must be a low leakage capa- 


citor since it stores the reference voltage while floating 
during 
both 
the 
Integrate 
and 
De-integrate 
phases. 


Any 
leakage 
or 
charge 
loss 
during 
these 
phases 


causes a change 
in the scale factor 
of the ICL7129N 


MAX7129. Low cost film capacitors 
such as polyester 


or polystyrene 
are suitable 
for most applications. 


In addition 
to leakage requirements, 
another effect that 


sets a lower limit on the value of the reference capacitor 
is the "charge suckout" 
caused by stray capacitance 
on 


the reference capacitor 
terminals. 
In most applications 


the Ref Lo Input terminal 
is connected 
to Common, 


and the Ref Hi Input is 1V above Common. 
During 
the 


integration 
and idle phases the reference 
capacitor 
is 


connected 
to the Reference 
Inputs 
(CREF+ to Ref Hi 


and CREF- to Ref Lo). At the end of the integration 
phase the comparator 
determines 
the polarity 
at the 


integrator 
output 
and the digital 
section 
closes analog 


switches 
so that the reference 
capacitor 
is connected 


to Common 
and the buffer 
input with a polarity 
such 


that the integrator 
output 
will return toward 
Common 


during 
the De-integrate 
phase. A negative input signal 


during 
the integrate 
phase drives the integrator 
output 


positive 
and 
the 
ICL7129NMAX7129 
digital 
section 


will connect 
the CREF- terminal 
to Common 
during 
the 


De-integrate 
phase. Since the CREr 
terminal 
was also 


connected 
to Common 
during 
the 
Integrate 
phase, 


the CREF terminals 
do not change 
voltage 
during 
the 


transition 
from Integrate 
phase to De-integrate 
phase. 


If, however, 
the 
input 
voltage 
during 
the 
Integrate 


phase is positive, 
the ICL7129NMAX7129 
digital 
sec- 
tion will connect 
the Ref Cap+ terminal 
to Common. 
In 


4-1/2 Digit Single-Chip 
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this case the two terminals 
of the reference 
capacitor 
both move 1V more negative. 
Any stray capacitance 
on the 
reference 
capacitor 
terminals 
must 
also 
be 
charged 
during 
the 1V movement, 
thereby 
reducing 
the voltage 
on the reference 
capacitor 
and changing 
the scale factor 
for positive 
input voltages. 
This error, 
called 
"rollover 
error" 
can 
be reduced 
to 
less than 
1 count 
by using 
a reference 
capacitor 
value of 1tJF 
or greater. 
Crystal Oscll/ator Components 


The ICL7129A1MAX7129 
crystal 
oscillator 
is designed 
to work 
with 
tuning 
fork 
type 
crystals 
such 
as the 
Statek CX-1V series. The two capacitors 
are not critical 
components 
and 
can be the 
low cost 
disc 
ceramic 
type. The crystal frequency 
should 
be 120kHz to reject 
60Hz normal 
mode signals and 100kHz to reject 50Hz 
normal 
mode signals. 
With these crystal 
frequencies 
the integration 
will be 10 cycles of the 60/50Hz 
signal 
on the 200mV 
range 
and 
1 cycle 
on the 
2V range. 
There 
is no single 
oscillator 
frequency 
that results in 
good 
normal 
mode 
rejection 
of both 50Hz and 60Hz 
on the 2V range, but a 100kHz oscillator 
frequency 
will 
reject 
both 50Hz and 60Hz on the 200mV scale. 
________ComponentManu~cturers 


The following 
list of component 
suppliers 
is intended 
to 
be of assistance 
in identifying 
suitable 
external 
components 
for use with the ICL7129A1MAX7129. 
The 
list is not intended 
to be comprehensive, 
nor does it 
constitute 
an endorsement 
by Maxim of the companies 


listed. 
Trlplexed Liquid Crystal Displays 
Epson America, Inc.. Torrance, CA. 
(213) 534-4500 
Part #: LD-H7960A 
Crystaloid, Inc.. Hudson, OH 
(216) 655-2429 
Hamlin, Inc.. Lake Mills, WI 
(414) 648-2361 
UCE, Inc., Norwalk, CT 
(203) 838-7509 


LXD INC, Cleveland, OH 
(216) 292-3300 
Part #: 353E3/8R03H 
Varitronix Limited, Los Angeles, CA 
(213) 661-8883 
Part #: VIM-503-DP 


Power Supply 


The ICL7129A1MAX7129 
may be operated 
as a battery 


powered hand-held 
instrument 
or integrated 
into larger 
systems that have more sophisticated 
power supplies. 


The standard 
battery connection 
using a 9V battery 
is 
shown 
in the Typical 
Operating 
Circuit 
on the front 
page of this data sheet. 


Figure 
12 shows 
the power 
connection 
for systems 
with 
+5V and -5V supplies. 
Note that 
measurements 
are given 
with 
respect 
to ground. 
COMMON 
is not 
connected 
to INPUT 
LO and is used only 
as a pre- 
regulator 
for 
the 
external 
voltage 
reference. 
Digital 
ground 
of the ICL7129A1MAX7129 
(DGND, 
pin 36) is 
not directly 
connected 
to power 
supply 
ground. 
The 
ICL7129A1MAX7129's 
digital 
inputs 
have 
protective 


diodes 
to 
DGND 
and 
should 
not 
be driven 
to any 
voltage below DGND. This problem 
is handled by plac- 


ing a 1000 resistor 
between 
the ICL7129A1MAX7129's 
DGND terminal 
and the ±5V system's 
digital 
ground, 


which 
pulls 
down 
the 
ICL7129A1MAX7129's 
DGND 
terminal 
if it reaches a voltage 
more positive 
than the 


±5V system's digital ground. 
This prevents the forward 
biasing of the input protection 
diodes. If DGND voltage 
is more 
negative 
than the system 
digital 
ground 
the 
100 
resistor 
will 
limit 
the 
amount 
of 
current 
that 
DGND 
sinks. 


A 
power 
supply 
with 
single 
polarity 
can 
be 
used 
to 
power 
the 
ICL7129A/MAX7129 
in 
applications 


where 
battery 
operation 
is not convenient 
or appro- 
priate. 
Measurements 
must 
be made with 
respect 
to 
COMMON 
or some other voltage within 
the ICL7129A1 


MAX7129's. it;lput _common. mode 
range. 


Voltage References 
The 
Common 
output 
has a typical 
temperature 
co- 
efficient 
of ±aOppm/oC. 
Since the ICL7129A1MAX7129 
has a resolution 
of 
1 count 
in 20,000 
or 50ppm, 
a 
precision 
external 
reference 
is 
needed 
unless 
the 
ambient 
temperature 
is held constant. 
The diagram 
of 
the Typical Operating 
Circuit 
on the front 
page of this 
data sheet shows a 1.2V bandgap 
voltage source 
used 
as the 
reference 
for 
the 
ICL7129A/MAX7129, 
with 
Common 
used only as a pre-regulator 
for the bandgap 


••••••AX ••••••• 
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Figure 
12. Powering 
the ICL7129A/MAX7129 
from 
+5V and -5V Power Supplies 


Techknits, Inc., Cranford, N.J. 
(201) 272-5500 
Conductive Rubber Technology, Santa Barbara, CA. 
(805) 969-5807 


Statek, Inc.., Orange, CA 
(714) 1>39-7810" 
. 


Part #: CX-1V 120C 
Saronix, Inc., Palo Alto, CA 
(415) 856-6900 


Polypropylene 
capacitors 
West Lake Capacitors, West Lake Village, CA 
(818) 889-4120 
Seacor, Inc., Westwood, N.J. 
(201) 666-5600 
TRW Capacitors, Ogallala, NE 
(308) 284-3611 
Sprague Electric Co., North Adams, MA 
(413) 664-4411 
1-170 
./III./J X 1./111 
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Figure 
13. Using a 6.2V Reference 
Diode 
with the 


ICL7129A/MAX7129. 


reference. 
The ICL7129NMAX7129 
reference 
voltage 


is approximately 
loooV 
for both 2V and 200mV full- 


scale 
operation. 
To trim 
the 
reference 
voltage, 
first· 


apply a precision 
1ooo.05mV input voltage, then adjust 


the reference 
voltage 
until 
the display 
reading 
alter- 


nates equally 
between 
1סס oo and 10001. 


Figure 
13 shows 
the ICL7129NMAX7129 
with an ex- 


ternal 
6.8V zener 
reference 
voltage. 


Annunciator 
Drivers 


The Annunciator 
Drive output 
is a square wave at the 


backplane 
frequency, 
swinging 
from V· to VOISP.Any 


segment connected 
to Annunciator 
Drive will be turned 


on, regardless 
of which backplane 
drives that segment. 


Figure 14 shows how to control 
annunciator 
segments 


with external 
logic levels. 


Display 
Voltage Compensation 


An adequate 
display 
can be obtained 
in most appli- 


cations 
by connecting 
VOISP(pin 19) to DGND (pin 36). 
In applications 
where 
a wide 
temperature 
range 
is 


expected, 
the voltage 
drive 
levels for some triplexed 


liquid 
crystal 
displays 
may need to vary with temper- 


ature in order to maintain 
good display 
contrast 
and 


viewing 
angle. 
The amount 
of temperature 
com pen- 
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sation will depend 
upon the type of liquid crystal used. 


Display manufacturers 
usually specify the temperature 


variation 
of 
the 
LCD 
threshold 
voltage, 
which 
is 


approximately 
1/3 of the optimum 
peak display voltage. 


The peak display 
voltage 
is equal to (V· - VOISP), so a 


typical 
-4mV/oC 
temperature 
coefficient 
of an LCD 


threshold 
corresponds 
to 
a +12mV/oC 
temperature 


coefficient 
at the VOISP pin. Two circuits 
that can be 


adjusted 
to 
give 
a temperature 
compensation 
of 


approximately 
+12mV/OCat VOISPare shown in Figure 


15. The diode between 
DGND and VOlspshould 
have a 


low turn-on 
voltage to ensure that VOISPis never driven 


more than 300mV negative with respect to DGND. 


Input Protection 


The input 
pins of the ICL7129NMAX7129 
have pro- 


tection 
diodes 
built 
in to protect 
it from 
electrostatic 


discharges 
(ESD) of up to 2000V (Mil Standard 
883, 


Method 
3015.1 test circuit). 
These diodes 
also protect 


the ICL7129NMAX7129 
from excessive 
input 
voltage 


overload 
in 
multimeter 
circuits, 
provided 
that 
the 


current 
into these diodes 
is limited 
to less than 1mA. 


The 
ICL7129NMAX7129 
will 
therefore 
be fully 
pro- 


tected 
for 
input 
voltages 
up 
to 
1000V if the 
input 


current 
limiting 
resistor 
is 1MO . 
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4% Digit A/D Converter 
with 
Multiplexed 
BCD Outputs 


________ 
G.enerlll Description 


The Maxim ICL7135 is a high precision 
monolithic 
4% 
digit AID 
converter. 
Dual slope conversion 
reliability 
is 


combined 
with 
± 1 in 20,000 
count 
accuracy 
and 
a 


2.0000V full scale capability. It features high impedance 
differential 
inputs, nearly ideal differential 
linearity, true 


ratiometric 
operation, 
auto zero and auto-polarity. 
The 


multiplexed 
BCD outputs and digit drivers provide easy 


interface 
to 
external 
display 
drivers 
like 
the 
Maxim 


ICM7211A. The only other external components 
needed 


to make precision 
DVM/DPMs 
are a reference 
and a 


clock. For more complex 
systems the BCD outputs are 


enhanced 
by STROBE. OVER RANGE, UNDERRANGE, 


RUN/HOLD 
and BUSY lines providing easy interface to 


microprocessors 
and UARTs. This interfacing 
capability 


makes the ICL7135 an ideal device for use in microproc- 
essor based data acquisition and control systems. 


The ICL7135 has auto-zero accuracy better than 10JLV, 
zero drift of 0.5JLVrC. 
input bias current of 10pA max. 


and rollover error of less than 1 count. 


___________ 
Appliclltions 


This device is used in a wide range of measurement 
ap- 


plications involving the manipulation and display of ana- 
log data: 


Pressure 
Voltage 
Resistance 
Temperature 


Weight 
Current 
Speed 
Material Thickness 


y- 
1 
28 
UNDERRANGE 
REFERENCE 
2 
27 
OYERRANGE 
ANALOG 
COMMON 
3 
26 
S'rnOBE 
INT OUT 
4 
25 
RIR 
AZ 
IN 
5 
24 
DIGITAL 
GND 
BUFF 
OUT 
6 
23 
POL 
REF. CAP- 
7 
..••AX,M22 
CLOCK 
IN 
REF. CAP+ 
8 
ICL7135 
21 
BUSY 
IN LO 
9 
20 
(LSD) 
01 
IN HI 
10 
19 
02 
Y+ 
11 
18 
03 
(MSD) 
05 
12 
17 
04 
(LSB) 
B1 
13 
16 
(MSB) 
B8 
B2 
14 
15 
B4 


• 
Improved 2nd Source 
(See our "Maxim Advantage™'' 
Page 3) 


• 
± 20,000 Count Resolution 


• 
Guaranteed 
± 1 Count accuracy 


• 
Over-range, under-range signals for auto-range 
capability 


• 
Easy Interface to UARTs and JLPs 


• 
TTL compatible, Multiplexed BCD outputs 


• 
True differential 
Input. Zero reading guaranteed 
for 0 volt Input 


• 
True polarity at zero for precise null detection 


• 
Monolithic CMOS design 


PART 
TEMP. RANGE 
PACKAGE 


ICL7135CJI 
O'Cto 
70'C 
28 Lead CERDIP 


ICL7135CPI 
O'Cto 70'C 
28 Lead Plastic DIP 


ICL7135CQI 
O'Cto70'C 
28 Lead Plastic chip carrier 


ICL7135C/D 
O'Cto 
70'C 
Dice 


The "Maxim Advantage'·" signifies an upgraded quality level. At no additional cost we offer a second-source device that is subject to the 
followmg: 
guaranteed performance 
over temperature along with tighter test specifications 
on many key parameters; and device 
enhancements, when needed, that result in improved performance without changing the functionality. 


-- 
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ABSOLUTE 
MAXIMUM 
RATINGS 
Lead Temperature 
(Soldering, 
10 see) 
300'C 
Power 
Dissipation 
(Note 2) 
Supply 
Voltage 
v+ 
+ 6V 
CERDIP 
Package 
1000mW 
V- 
-9V 
Plastic 
Package 
............•................ 
800mW 
Analog 
Input Voltage 
(either 
input) 
(Note 
1) 
V+ 
to V- 
Operating 
Temperature 
O'C to + 70'C 
Reference 
Input Voltage 
(either 
input) 
V+ 
to V- 


Storage 
Temperature 
-65'C 
to + 160'C 
Clock 
Input 
Gnd to V+ 


Note 1: Inputvoltages mayexceedIhe supplyvollages providadthe inpul currenl is limitedto + 100f'A. 


Note 
2: Dissipation 
rating 
assumes 
device 
is mounted 
with all leads 
soldered 
to printed 
circuit board. 


Stresses 
above 
those 
listed under 
"Absolute 
Maximum 
Ratings" 
may cause 
permanent 
damage 
to the device. 
These 
are stress 
ratings 
only and functional 
operation 
of the device 
at these 
or any other 
conditions 
above 
those 
indicated 
in the operational 
sections 
of tho specifications 
is not implied. 
Exposure 
to absolute 


maximum 
rating conditions 
for extended 
periods 
may affect 
device 
reliability. 


ICL7135 
ELECTRICAL 
CHARACTERISTICS 
(Note 
1) 
01+ ~ +sv, v- 
- 
-sv. 
TA ~ 2S·C.Clock FrequencySet for 3 Readingl59c 


CHARACTERISTICS 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


A 
Zero Input Reading 
VIN - 
O.OV 
-0.0000 
±o.oooo 
+0.0000 
Digital 
N 
Full Scale = 2.000V 
Reading 
A 
Ratiometric 
Reading (2) 
VIN - 
VREF 
+0.9998 
+0.9999 
+1.0000 
Digital 
L 
Full Scale = 2.000V 
Reading 
0 
Linearity over ± Full Scale 
Digital 
G 
(error of reading from 
-2V';; 
VIN';; 
+2V 
0.5 
1 
Count 


best straight line) 
Error 


Differential 
Linearity 
LSB 
(difference 
between worse 
-2V 
" 
VIN ,;; +2V 
.01 
case step of adjacent 
counts 


/ 
and ideal step) 


Rollover error (Difference 
in 
" 
Digital 


reading for equal positive & 
-VIN 
== +VIN 
:::: 2V 
0.5 
1 
Count 


negative voltage near full scale) 
"- 
Error 


(Note 1) 
Noise (P-P value not 
en 
VIN = OV 
(Note 2) 
exceeded 
95% of time) 
Full Scale = 2.000V 
15 
/-LV 


Leakage Current at Input 
IILK 
VIN - 
OV 
1 
10 
pA 


Zero Reading Drift 
VIN = OV 
0.5 
2 
/-LVrC 
0'';; 
TA';; 
70'C 


Scale Factor Temperature 
TC 
VIN = +2V 
Coefficient 
(3) 
0' ,;; TA " 
70'C 
2 
5 
ppmrc 
(ext. ref. 0 ppm/'C) 


{I 


VINH 
2.8 
2.2 
V 
VINL 
1.6 
0.8 
INPUTS 
Clock In, Run/Hold 
IINL 
VIN = 0 
0.02 
0.1 
mA 
IINH 
VIN = +5V 
0.1 
10 
lJ,A 
0 
All Outputs 
.1.t~ 


VOL 
IOL = 1.6mA 
0.25 
0.40 
V 
U 
B1' B2. B4. Be 
VOH 
IOH = -1mA 
2.4 
4.2 
V 
T 
D1. D2. D3. D4. Ds 
D 
P 
BUSY, S"fROBi: 
VOH 
IOH = -1O,...A 
4.9 
4.99 
V 
I 
U 
OVER-RANGE, 
UNDER-RANGE 
G 
T 
POLARITY 
I 
S 


T 
S 
+ 5V Supply RanQe 
V+ 
+4 
+5 
+6 
V 
A 
U 
- 5V Supply Range 
V 
L 
P 
-3 
-5 
-8 
V 


P 
+ 5V Supply Current 
1+ 
fc - 
0 
1.1 
3.0 
mA 


L 
-5V 
Supply Current 
1- 
fc = 0 
0.8 
3.0 
Y 
Power Dissipation 
Capacitance 
CPO 
vs. Clock Freq 
40 
pF 


Clock 
Clock Freq. (Note 4) 
DC 
2000 
1200 
kHz 


Nole 1: Tested in 4% digit (20,000counl) circurtshown in Fig. 1, clock frequency120kHz. 


Note 
2: Tested 
with a low dielectric 
absorption 
integrating 
capacitor. 
See Component 
Selectton 
Section. 


Note 
3: The temperature 
range can be extended 
to + 700C and beyond 
as long as the auto·zoro 
and reference 
capacitors 
are increased 
to absorb 
the higher 


leakageof Ihe ICL713S. 


Note 
4: This specrtication 
relates 
to the clock frequency 
range 
over which the ICL7135 
will correctly 
perform 
its various 
functions. 
See "Max 
Clock 
Frequency" 


below 
for limitations 
on the clock 
frequency 
range 
in 8 system. 


The electrical 
cheracteristk:s 
above are a reproduction 
of a portion 
of Intersil's 
copyrighted 
(1983/1984) 
dala book. 
This information 
doss 
nol constitule 
any 


representstion 
by Maxim that Intersil's products will perform in accordance 
with these specifications. 
The "Electdca/ Characteristics 
Table" along with the 


descriptive excerpts from the original manufacturer's data sheet have been included in this data sheet solely for comparative purposes. 


4~ Digit A/D Converter with 


Multiplexed BCD Outputs 


• 
Guaranteed 
2mA 
Max Supply 
Current 


• 
Key 
Parameters 
Guaranteed 
Over 
Temperature 


• 
Significantly 
Improved 
ESD Protection 
(Note 
6) 


• 
Low 
Noise 


ABSOLUTE 
MAXIMUM 
RATINGS: This deviceconformsto the AbsoluteMaximumRatingson adjacentpage. 


ELECTRICAL 
CHARACTERISTICS 
Specificationsbelowsatisfyor exceedall "tesled" parameterson adjacentpage. 
(V+ ~ + 5V.V- 
- 
-5V, TA = 25'C, Clock FrequencySet for 3 Reading/See 


Characteristics 
Symbol 
Conditions 
Mln 
Typ 
Max 
Units 


Zero Input 
Reading 
VIN = O.OV,Full Scale = 2.000V 
Digital 


A 
0" s; TA s; +70"C 
-0.0000 
±0.0000 
+0.0000 
Reading 


N 
Ratlometrlc 
Reading 
(Note 2) 
VIN = VREF. Full Scale = 2.000V 
A 
Digital 
TA = 2S'C 
+0.9998 
+0.9999 
+1.0000 
Reading 
L 
0" s; TA s; +70"C 
+0.9995 
+0.9999 
+ 1.0005 
0 
Linearity over ± Full Scale 
Digital 
G 
(error of reading from 
-2V 
S; VIN S; +2V 
O.S 
1 
Count 


best straight line) 
Error 


Differential 
Linearity 
(difference 
between worse 
-2V 
S; VIN S; +2V 
.01 
LSB 
case step of adjacent counts 
and ideal step) 


Rollover error (Difference 
in 
Digital 
reading for equal positive & 
-VIN 
= +VIN 
:::: 2V 
O.S 
1 
Count 


negative voltage 
near full scale) 
Error 


(Note 1) 
Noise (P-P value not 
en 
VIN = OV. Full Scale = 2.000V 
1S 
/LV 
exceeded 
9S% of time) 
(Note 2) 
Leakage 
Current 
at Input 
IILK 
VIN = OV 
TA = 2S'C 
1 
10 
pA 


0" S; TA S; +70'C 
250 
pA 


Zero ReadinQ Drift 
VIN = OV 
O' S; TA S; +70'C 
O.S 
2 
p.V/,C 


Scale Factor Temperature 
TC 
VIN = +2V 
O' S; TA S; + 70'C 
2 
S 
ppm/'C 


Coefficient 
(Note 3) 
(ext. ref. 0 ppm/'C) 


VINH 
O' S; TA S; +70'C 
2.8 
2.2 
V 


VINL 
O' S; TA S; +70'C 
1.6 
0.8 
V 


INPUTS 
Clock In. Run/Hold 
IINL 
VIN = 0 
O' S; TA S; +70'C 
0.02 
0.1 
mA 


IINH 
VIN = +SV 
O' S; TA S; +70'C 
0.1 
10 
p.A 


0 
All Outputs 
VOL 
IOL = 1.6mA 
0.2S 
0.40 
V 


U 
B1. B2. B4. B8 
VOH 
IOH = -1mA 
2.4 
4.2 
V 


T 
D1. D2. D3. D4. D5 


D 
P 
BUSY. STROBE 
VOH 
IOH = -10/LA 
4.9 
4.99 
V 
I 
U 
OVER-RANGE, 
UNDER·RANGE 


G 
T 
POLARITY 


I 
S 


T 
S 
+ SV Supply Range 
V+ 
+4 
+S 
+6 
V 
A 
U 
- SV Supply Range 
V- 
-3 
-S 
-8 
V 
L 
P 
P 
+ 5V Supply 
Current 
1+ 
fc = 0 
TA = 25'C 
1.1 
2.0 
mA 


L 
O' s; TA s; +70'C 
3.0 
mA 


Y 
- 5V Supply 
Current 
1- 
fc = 0 
TA = 25'C 
0.8 
2.0 
mA 
0" s; TA s; +70'C 
3.0 
mA 


Power Dissipation 
Capacitance 
CPO 
(NoteS) 
40 
pF 


CLOCK 
Clock Freq. (Note 4) 
DC 
2000 
1200 
kHz 


Note 1: Testedin 4% digit (20,000count)circurtshownin Fig. 1, clock frequency120kHz. 


Note 2: Tested with a low dielectric 
absorption 
integrating 
capacitor. 
See Component 
Selection 
Section. 


Note 3: The Temperature 
range can be extended 
to + 70"C and beyond as long as the auto-zero 
and reference 
capacitors 
are increased 
to absorb the higher 


leakageof the ICL7135. 


Note 4: This specification 
relates to the clock frequency 
range over which the ICL7135 will correctly 
perlorm 
its various functions. 
See "Clock 
Frequency" 
below 
for limitations 
on the clock frequency 
range in a system. 


Note 5: + 5V Supplycurrentfor fe oF 0 is I+ ~ I+ (Ie 
_ 
0) + CPOX 5V X fe. 


Note 6: All pins are designedto withstandelectrostaticdischarge(ESO)levels in excessof 2000V.(Testcircuit per Mil Std 883, Method3015.1) 
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________ 
Detailed Description 


General Operation 


The ICL7135 is divided into an Analog section and a Digi- 
tal section. The digital section includes the counters, in- 
put and output interfaces, 
and control 
logic which con- 


trols the timing of each measurement 
cycle. Each mea- 


surement 
is divided into four phases: 1) auto-zero 
(AZ), 
2) signal integrate 
(INT), 3) reference 
deintegrate 
(DE), 


and 4) zero integrator 
(ZI). The digital section 
controls 
the operation of the analog section during each of these 
phases, using counters and the state of the comparator 
to determine when to start each of the four phases. 


Auto-Zero 
Phase 


During auto-zero Input HI and Input LO are disconnected 
from the input pins and are internally shorted to Analog 
COMMON. The output of the comparator is connected to 
the inverting input of the Integrator, and at the same time 
the non-inverting 
input of the integrator is connected 
to 
the input of the buffer. This feedback 
loop charges the 


autozero 
capacitor, 
CAZ, to compensate 
for the offset 


voltages of the buffer amplifier, integrator, and compara- 
tor. Also during auto-zero, the reference capacitor is con- 
nected to the voltage 
reference 
and is charged 
to the 


reference voltage. The auto-zero cycle is a minimum of 
9800 clock cycles, except after an over-range 
reading. 
After an over-range, 
the extended zero integrate phase 


reduces the auto-zero phase to 3800 clock cycles. 


SIgnal Integrate 
Phase 


At the end of the auto-zero phase the auto-zero loop is 
opened, and the Input High and Input Low are switched 
to the external pins IN-HI and IN-LO. The analog section 
integrates 
the differential 
voltage 
between 
Input High 


and Input Low. The differential voltage must be within the 
ICL7135's common mode range. The voltage on the inte- 


grator capacitor at the end of signal integrate is directly 
proportional 
to the 
differential 
voltage 
between 
Input 


High and Input Low, and is also directly proportional 
to 


the length of the signal integrate phase. The signal inte- 
grate phase lasts precisely 
10,000 clock cycles. At the 


end of this phase the input signal polarity is determined. 


De-Integrate 
Phase 


At the end of signal integrate, Input High and Input Low 
are disconnected 
from the external pins. The integrator 


non-inverting input pin is then internally connected 
to An- 


alog Common and the buffer input is connected 
to one 


side of the reference 
capacitor. 
The other side of the 


reference 
capacitor 
is connected 
to Analog 
Common. 


The polarity at the output of the integrator 
(as detected 


by the comparator 
at the end of signal integrate 
phase) 


determines 
which terminal of the reference 
capacitor 
is 


connected 
to the buffer input. The reference 
capacitor 


polarity is chosen so that the integrator output will always 
return towards Analog Common. Since the reference ca- 
pacitor was charged to the reference voltage during the 
auto-zero phase, the integrator input voltage is now the 
reference 
voltage. 
The 
De-Integrate 
phas~ 
lasts 
for 


20,001 counts, or until the comparator 
detects that the 


integrator 
output 
has crossed 
zero, whichever 
occurs 
first. The time required to return to zero is proportional to 
the input signal and is inversely proportional 
to the refer- 


ence voltage. 
The number of clock 
cycles 
required to 


return to zero is counted 
by the digital section 
and is 


latched as the measurement 
result. 


Displayed reading = 10,000 X VV1N 


REF 


Zero Integrator 
Phase 


The last of the four phases is the zero integrator phase. 
The 
non-inverting 
input 
of the 
integrator 
is internally 


shorted to Analog Common and the buffer input is inter- 
nally connected 
to the output of the comparator. 
This 


closes a loop that forces the integrator 
output to zero. 


Normally this phase lasts only 100 to 200 counts, suffi- 
cient time to remove the small residual charge on the 
integrator capacitor caused by the comparator 
delay and 


the one count delay created by sampling the comparator 
output only once per clock cycle. However, an overrange 
condition will exist when the integrator 
output does not 


return to zero by the end of the De-Integrate phase, and 
can leave a residual voltage on the integrator capacitor. 
In this case, the Zero Integrator 
phase is increased 
to 


6200 counts to ensure that the integrator 
capacitor 
is 


fully discharged 
before the next measurement 
cycle is 


started. 


______ 
~Analog Section 


Analog COMMON 


Analog COMMON is the Analog ground reference for the 
ICL7135. If Input Low is at a voltage other than Analog 
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L 
~--------------------------------- 
_ 
v· 


COMMON 
a common 
mode voltage will be introduced 


and, although the ICL7135 has an excellent CMRR, Input 
Low and Analog COMMON should be connected 
togeth- 


er whenever 
possible. Analog COMMON is also the ref- 
erence point for the reference voltage. The Analog Com- 
mon voltage is normally connected to the system ground 
when using ±5V supplies. When the ICL7135 is operat- 
ed from 
a single 
supply voltage 
the Analog 
Common 


should be connected 
to a voltage source approximately 


halfway between V + and ground. 


Input Buffer 


The 
ICL7135 
input 
buffer 
is a CMOS 
buffer 
with 
a 


common 
mode input 
voltage 
range of approximately 


V+-1.0V to V-+1.5V. The quiescent 
current 
is approxi- 
mately 
100/LA and the buffer 
can deliver 
up to 40/L of 


output 
current 
with excellent 
linearity. 


Integrator 


The integrator 
amplifier, 
similar to the buffer amplifier, 
can deliver 
20lJoA of output 
current 
with high linearity 


while swinging to within 0.3V of either supply rail. The 
integrator's 
non-inverting 
terminal is connected 
to IN LO 


during the signal integrate phase, so the voltage on the 
IN LO terminal sets the starting point for the integrator 
output during signal integrate. 
If IN LO is at a voltage 


other than ground, this will limit the maximum allowable 
swing at the integrator output, and the value of the inte- 
grating capacitor should be increased. (Refer to Compo- 
nent Selection) 


Comparator 


The comparator 
monitors the voltage 
on the integrator 


capacitor during deintegrate. The digital section samples 
the comparator 
output once per clock cycle and termi- 


nates the deintegrate cycle when the comparator 
chang- 


es its state 
as the integrator 
voltage 
passes 
through 


zero. The offset voltage of the comparator 
is not critical 


since the auto-zero 
phase compensates 
for the offset. 


The output of the comparator 
is the only output from the 


analog section to the digital section. 
__________ 
D_'/glt.1 Section 


As shown in Figure 3, the digital section consists of coun- 
ters, latches, output multiplexer, 
and control 
logic. The 


control logic monitors the counters and the comparator 
to determine the start of each phase, and sends control 
signals to the analog section to drive the analog switches 
to the proper state for each measurement 
phase. The 


control section also responds to the external input, RUN/ 
HOLD, and creates the control 
outputs; OVER RANGE, 


UNDERRANGE, 
BUSY, and STROBE. 


RUN/HOLD 


When RUN/HOLD 
is high or open the ICL7135 will con- 


tinuously 
perform 
conversions 
with each measurement 


being 40,002 clock cycles long. When RUN/HOLD 
goes 


low, the ICL7135 will complete the measurement 
in prog- 


ress then remain in the auto-zero cycle, holding the last 
reading. If RUN/HOLD 
goes high after the maximum pe- 
riod assigned to deintegrate, 
a new conversion 
will start, 


with a delay of 1 to 10,001 clock 
cycles 
between 
the 


DI 
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I j 


ze~o 
SIGNAL 
DE-INTEGRATE 
ZERO 
INT. 
20,001 
' 


INTEGRATOR 
10,000 
COUNTS 
MAX. 
10,001 
COUNTS 
COUNTS 


FULL 
MEASUREMENT 
CYCLE 


40,002 
COUNTS 
BUSY---.J 


NORMAL 
DIGIT 
SCAN~ 
~ 
~ 
~ 
~t--c~~~~-i 
"FIRST 
06 
OF 
AZ 
AND 
DE-INTEGRATE 
ARE 
ONE 
COUNT 
LONGER 


r- AUTO 
ZERO 
SIGNAL 
INTEGRATE 


FOR ~~c;;~:~~ 
n_o_,----_~ 


---------1 
2. 
1 
1 
13 
I 81 


14 
82 


'5 
B4 


16 
88 
Ir 
1 
1 
I 
IIII 
I 
1 
1 
1III 
I 
1IIII 


" 
1 
---- 
1 


BUSY 
1Ctt,3: 


rising edge of the RUN/HOLD 
input and the BUSY out- 


put. A RUN/HOLD 
pulse during the unused portion 
of 
deintegrate 
phase will be ignored, but when in the auto- 


zero phase a positive pulse of only 300ns (typical) will 
start the conversion. 
Figure 5 shows a simple method of 
obtaining one, and only one, conversion 
for each mea- 
surement request. 


BUSY 


BUSY is a status output that goes high at the beginning 
of signal integrate 
and stays high until the first clock 
pulse after zero crossing during De-integrate 
(or end of 
De-Integrate if overranged). The internal data latches are 
loaded during the next clock cycle after the falling edge 
of BUSY. Since BUSY is high for the 10,000 counts of 
signal integrate + number of counts during De-Integrate 
+ 1 clock cycle, a simple way of sending 
conversion 


data down a single pair of wires is to logically 
'AND' 


BUSY with the clock and to subtract 10,001 counts from 
the number received. Figure 6 shows a system using this 
method to remotely display data. 


o 
Q 


FLIP-FLOP 
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Digit Outputs 


The digit outputs 
go high sequentially, 
D5 to D1, for a 


period 
of 200 clock 
cycles 
per digit. 
The 5 digits 
are 


continuously 
scanned 
except 
after 
an 
over-range 


measurement. 
After 
an over-range 
reading 
the digit 


scan 
stops 
after 
the strobe 
sequence, 
and 
remains 


stopped 
until 
the start 
of De-I ntegrate. 
For a con- 


tinuous 
series of over-range 
readings, 
the digits 
will 


be scanned 
for 21,000 counts 
out of 40,002, resulting 


in a flashing 
display 
as an over-range 
indicator. 
D5 is 


the most significant 
digit. 


BCD Outputs 


The 4 BCD output pins are positive logic signals whose 
BCD 
data 
corresponds 
to 
the 
currently 
active 
digit 


strobe. The ICL7135 does not have inter-digit blanking 
and the BCD data changes simultaneously 
with the edg- 


es of the digit outputs. 


STROBE 


The STROBE 
output 
is a negative 
going 
pulse that is 


useful for latching 
the multiplexed 
BCD outputs 
into 


external 
BCD 
latches. 
Five negative 
going 
STROBE 


pulses occur 
in the center 
of the data corresponding 


to each of the 5 digits 
of measurement 
results, 
once 


and only 
once after the end of each conversion 
(im- 


mediately 
after the falling 
edge of BUSY). 
The BCD 


data is valid at both edges of STROBE, 
and data can 
be latched 
in either a level sensitive 
latch, or an edge 
triggered 
latch. Figures 
11, 12 and 14 show the use of 


STROBE to latch the BCD data. STROBE 
pulse width 
is 1J.lS less than 'h clock 
period. 


Over-range 
and Under-range 
Outputs 


These active high status outputs are set to a high level at 
the end of BUSY if the measurement 
result is 1800 or 


less (Under-range), 
or greater than 19,999 (Over-range). 
Under-range 
is reset at the beginning of the signal inte- 


grate phase; over-range 
is reset at the beginning of the 


de-integrate 
phase. 


Polarity 


The Polarity output is updated at the beginning of each 
de-integrate phase, and is high for a positive input signal. 
The Polarity output is valid for all inputs, including 
± 0 


and overrange signals. 


_______ 
C.omponentSe/et:t/on 


The analog 
component 
values 
must be selected 
with 


care to achieve optimum 
performance 
in each applica- 


tion. Factors that affect the proper values 
include 
the 
reading rate, input common mode voltage, the full scale 
and reference voltages, and the power supply voltages. 


Integrating 
Resistor 


Good linearity is obtained when the integrating 
resistor 
value is chosen such that the buffer's 
maximum output 
current is between 5 and 401JoA.The quiescent current of 
the buffer is 100lJoA,and it can supply 20lJoAof output 
current 
with excellent 
linearity. 
The buffer's 
maximum 
output current occurs with a full scale input voltage, and 
the integrating resistor value may be calculated 
as: 


full scale voltage 
RINT = 
20JLA 


Integrating 
Capacitor 


The maximum swing of the integrator 
during the signal 
integrate phase can be calculated 
as: 


Vswing = liNT X TINT 
CINT 


Where liNT= 20lJoAif RINT is chosen as described above 
and 
TINT= 10,000 
clock 
periods 
(83.3ms 
for 
120kHz 
clock frequency). 
The integrator 
swing range should be 
maximized while avoiding saturation of the integrator out- 
put. Normally the integrator will not saturate until its out- 
put is within 0.3V of either supply, but for the best integral 
linearity the integrator's 
output should remain at least 1V 


away from either supply. For 
± 5V supply and Analog 


Common and IN LO connected 
to ground, a ± 3.5V to 
±4V swing range is optimum. Rearranging the above for- 
mula and inserting values as described above, CINT may 
be calculated as: 


C 
20lJoAx 83.3ms 
INT = 
3.5V 
= 0.47JLF 


The integrator 
swing must be reduced 
if either Analog 
Common or IN LO is not grounded, or if the supply volt- 
age is less than ± 5V. 


The integrating 
capacitor 
must have low dielectric 
ab- 


sorption to obtain low integral nonlinearity, 
rollover, and 
ratiometric 
errors. The result of measurements 
with the 
reference 
tied to the IN HI is a good indication 
of the 


- 


amount of dielectric absorption 
in the integrating capaci- 
tor. A good integrating capacitor will result in a reading of 
9999, and any deviation from this reading is probably due 
to dielectric 
absorption. 
Polypropylene 
capacitors 
have 
been found to be suitable, 
as have Teflon 
capacitors. 
Polystyrene 
and polycarbonate 
capacitors 
may also be 
used in less critical applications. 


Auto-Zero 
Capacitor 


The size of the auto-zero capacitor will have a significant 
effect on the overall system noise, with larger auto-zero 
capacitors 
resulting 
in a quieter system. The dielectric 
absorption 
of the auto-zero 
capacitor 
affects 
only the 
speed of settling at power-up or recovery from overload 
and nearly any capacitor 
type can be used. The zero 
integrator 
phase of the ICL7135 allows the use of large 
auto-zero 
capacitors 
while 
avoiding 
the 
"over-range 
hangover" 
and hysteresis effects that occur in AID con- 
verters without the zero integrator phase. 


Reference 
Capacitor 


Like the auto-zero 
capacitor, 
the reference 
capacitor's 
dielectric 
absorption 
is rarely critical. Low dielectric 
ab- 
sorption 
reference 
capacitors 
are only required 
where 
fast settling 
time is needed 
in systems 
with a rapidly 
changing 
reference 
voltage 
such as ratiometric 
ohms 
measurement 
in multi meters. 


The reference capacitor DOES need to be a low leakage 
capacitor since it must store the reference voltage while 
floating 
during both the signal integrate 
and the refer- 
ence deintegrate 
phases. Any leakage 
or charge 
loss 
during these two phases results in an effective change in 
the scale factor of the ICL7135. Low cost film capacitors 
such as polyester or polystyrene 
have been found to be 
suitable in most applications. 


In addition to leakage requirements, 
another effect that 
sets a lower limit on the value of the reference capacitor 
is the "charge 
suckout" 
caused by stray capacitance 
on 
the reference capacitor terminals. For a negative polarity 


v· 


6.8kQ 


v· 
6.8 VOLT 
v· 


ZENER 


REF HI 
2. 
k" 


iMAXliM 
REF HI 
ICL7135 
;MAXI"'" 
1.2V 
BANGAP 


ANALOG 
!I, 


ICL7135 
REFERENCE 


COMMON 
ANALOG 
COMMON 
'=" 


input signal, the reference 
capacitor 
does not shift its 


common mode voltage, but with a positive polarity input 
signal it undergoes a negative common mode shift equal 
to the reference voltage. If there are stray capacitances 
on the reference capacitor terminals, some of the charge 
on the reference 
capacitor will be used to charge these 


stray capacitances 
as the reference capacitor makes this 


common mode voltage shift. This loss of charge reduces 
the voltage on the reference capacitor, and causes posi- 
tive polarity 
signals to have a higher measured 
result 


than a corresponding 
negative voltage. This error can be 


reduced by minimizing the stray capacitance 
on the refer- 
ence capacitor terminals, and by increasing the value of 
the reference capacitor. 


Reference 
Voltage 


The full scale reading of 20,000 will occur when VIN= 
2 
X 
VREF. Since the 20,000 
count 
resolution 
of the 


ICL7135 is equivalent to a 50ppm resolution, a high sta- 
bility reference is recommended 
for high accuracy abso- 
lute measurements. 
Figure 7 shows two suitable 
meth- 
ods of generating the reference voltage. 


Rollover Resistor and Diode 


The ICL7135 is tested 
for rollover 
using the circuit of 


Figure 1, with the 100kO resistor and diode in the circuit. 
The 
diode 
is noncritical, 
and 
is typically 
a low 
cost 


1N4148. The resistor value is dependent 
on many fac- 


tors including integrator swing, clock frequency, 
and the 


amount of rollover error due to "charge 
suckout" 
on the 


reference 
capacitor. 
100kO 
is the 
optimum 
value 
for 


most 
circuits 
and 
is the 
value 
used 
in testing 
the 


ICL7135. 


Speedup Resistor 


The 270 
speedup resistor in series with the integrating 


capacitor adds a pedestal voltage on top of the integrat- 
ing capacitor voltage. This pedestal voltage causes zero 
crossing 
to occur earlier than would occur without 
the 


resistor. The effect of the earlier zero crossing is to give 
the comparator 
an overdrive 
voltage, 
speeding 
its re- 


sponse and reducing the conversion 
error due to com- 


parator delay. If the integrator 
current 
is changed, 
the 


speedup resistor value should be changed 
so that the 


liNT x RSPEEDUP= 500,.LV. 


Clock Frequency 


The clock source should be free of short-term phase and 
frequency 
jitter during the conversion 
period, 
but long 


term stability is not critical. The clock frequency 
is cho- 


sen to obtain the desired conversion 
rate, and to maxi- 


mize the normal mode rejection of power line frequency 
interference. 
The conversion 
rate is directly proportional 


to the 
clock 
frequency, 
with 
each 
conversion 
taking 


40,002 clock cycles. For maximum normal mode rejec- 
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tion, the signal integration 
period should be an integral 


multiple of the power line cycles. 


fCLK 
Reading Rate 
= -- 


(in readings per second) 
40,002 


fUNE x 10,000 


N 
fCLKfor maximum 
normal mode rejection 


Where fUNE is the line frequency, normally 50Hz or 60Hz 
and N is the number of line cycles that occur during a 
signal integration period. For maximum normal mode re- 
jection, N should be an integer. 


For 60Hz rejection, 
suitable 
clock 
frequencies 
include 


300kHz, 200kHz, 150kHz, 120kHz, 100kHz, and 75kHz. 
Suitable 
frequencies 
for use with 50Hz power 
include 


250kHz, 166%kHz, 
125kHz, and 100kHz. The two most 


common 
clock frequencies 
are 120kHz (3 readings per 


second) 
and 100kHz (2% readings 
per second). 
Note 


that a 100kHz clock 
frequency 
rejects both 50Hz and 


60Hz normal mode signals. 


The maximum clock rate is limited by the maximum rate 
at which the digital logic will correctly function 
(typically 


2MHz), and by the speed of response of the comparator. 
The comparator 
delay, about 3p.s, has the same effect 


on the measurement 
result as does an offset 
voltage 


with the same polarity of the input signal. At the recom- 
mended clock frequency 
of 120kHz, this small offset is 


slightly less than % count. At higher clock frequencies 
the value of the speedup resistor in series with the inte- 
gration capacitor (normally 270) should be increased. At 
frequencies 
above 120kHz, ringing on the integrator out- 


put may cause nonlinearities 
in the first few counts. 


The minimum clock frequency is limited by the leakage of 
the auto-zero 
and reference 
capacitors. 
While seldom 


desired, measurement 
cycles as long as 10 seconds can 


be performed with negligible error at room temperature. 
Figures 8A and 88 show two methods of generating 
a 


suitable clock signal for the ICL7135. 


TO 


ICL7135 


CLOCK 
IN 


_______ 
~Appllc.t/on 
Hint. 


Grounds 


As with all sensitive 
analog circuitry, 
it is important 
to 


keep the Digital Ground separate from the analog ground 
(called Analog Common on the ICL7135) to minimize er- 
rors caused by the coupling of noise from the digital cir- 
cuitry into the sensitive analog section. Analog Common 
should be connected 
to Digital Ground at only one point, 


and 
return 
currents 
from 
digital 
loads 
must 
not flow 


through the analog ground lines. Avoid any unnecessary 
current flow in the analog ground path. 


Single 5V Supply Operation 


The ICL7135 normally uses 
±5V 
supplies, 
however, 
in 


some applications 
the negative 
supply 
is not needed. 


Specifically, the negative 5V supply is not required if the 
input 
signal 
can 
be referenced 
to the 
center 
of the 


ICL7135's common mode voltage range AND the signal 
voltage is less than ± 1.5V. The integrator swing must be 
reduced, 
and there will be a slight increase 
in system 


noise and nonlinearity. 
See Figure 9 for recommended 


component 
values. 
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Generating a Negative Supply from + 5V 


Figures 10A and 10B show two methods of generating a 
negative supply for the ICL7135. The Maxim ICL7660 will 
supply 
2mA 
(the 
maximum 
supply 
current 
of 
the 
ICL7135) at 4.85V drop, while the circuit using the CMOS 
inverter will deliver approximately 
-3.5V. 
If the CMOS 
inverter is used to generate a minus supply, the integra- 
tor swing should be reduced to 2.5 to 3V. 


Noise 


The normal 
system 
noise around 
zero is about 
15JLV 
peak-to-peak 
(not exceeded 
95% of the time). Near full 
scale, 
the 
noise increases 
to about 
30JLV. The 
main 
noise source is the auto-zero 
loop, and increasing 
the 
value of the auto-zero 
capacitor 
will reduce the noise. 


Other 
noise sources 
include 
the buffer 
and integrator 
noise; comparator 
noise; and stray pickup in the input 
circuitry, the integrator, and the reference capacitor. The 
noise caused by stray pickup of interfering signals can be 
reduced by a tight layout and shielding. If the interfering 
signal frequency is constant, the effects of stray pickup in 
the input and integrator 
can be reduced by choosing 
a 
clock frequency such that the signal integration period is 
an integral 
multiple 
of the 
interfering 
signal's 
period. 
Since the length of the de-integration 
period depends on 
the input signal level, no single clock frequency 
can be 
chosen 
to reject 
interfering 
signals during the de-inte- 
grate phase. 


+ 


100"Fr 


V-",-3.5V 


Figure 
lOB. Genefl1ting e Negetive 
Supply 


________ 
T.ypical Application. 


Figure 11 uses Maxim's 
ICL7211 LCD display driver to 
drive 4 digits of LCD display. The backplane signal of the 
ICL7211 and the CMOS exclusive OR gates are used to 
drive the % digit and the polarity 
sign. The four AND 
gates combine the digit outputs with the STROBE output 
to generate the digit select signals that latch data into the 
ICL7211. Since the Strobe occurs in the middle of each 
digit's data there is ample data setup and hold time to 
ensure that valid data is latched. The OR gates will force 
the BCD data to all ones when over-range 
goes high. 


The ICL7211A will blank the display when all ones (hex 
F) is loaded. 


The typical operating circuit on the first page of this data 
sheet shows a 4% digit AID 
with LED drive using the 
Maxim ICL7212 display driver. In this case the polarity 
and % digit segments are driven by 0 flip-flops that latch 
polarity and % digit data at the end of each measure- 
ment. 
The 
ICL7135 
Overrange 
output 
drives 
the 
ICM7212 Brightness input, blanking the four least signifi- 
cant digits when the input voltage 
is greater 
than full- 
scale. 


Some applications 
require non-multiplexed, 
latched BCD 
outputs. The circuit shown in Figure 12 will demultiplex 
and latch the ICL7135 output. 
If only the first rank of 
latches is used, the data should not be used during the 
800 clock cycle update period that takes place at the end 
of each conversion 
since during this update period the 


1205 


26 
STROBE 


27 OR 


4% Digit A/D Converter 
with 


Multiplexed 
BCD Outputs 


most significant 
digit (MSO) data will correspond 
to the 


new reading and the least significant digit (LSD) data will 
be old data from the previous converison. 
The second 


rank of latches shown in dotted lines will eliminate this 
problem by updating all digits simultaneously with the ris- 
ing edge of 05. 


There are many different possible ways of interfacing the 
ICL7135 to a microprocessor. 
Figure 13 shows a method 


that uses only 8 I/O lines. The digit outputs drive a priori- 
ty encoder, which converts the 1-of-5 format of the digit 
outputs to a 3 bit binary code. When no digit is active (as 
in over-range), the binary output code is 0, otherwise the 
output corresponds 
to the digit number of the active digit. 


By sensing BUSY as either an input or as an interrupt, 
the microprocessor 
can detect when new data is avail- 


able. 


Another possible interface scheme is to sense only digit 
05, then use time delays to choose when to read the 
other digits' data. 


Interfacing 
With UART6and 


__________ 
MicTopTOCe660T6 


Figure 14 shows a simple interface between a UART and 
a free running ICL7135. The transmission of the five data 
words is started by the five STROBE pulses. The digit 5 
word 
is OOOOXXXX,digit 
4 
is 
1000XXXX, 
digit 
3 is 


0100XXXX, etc. The polarity is transmitted 
indirectly 
by 


using it to drive the Even Parity Enable Pin (EPE). A pari- 
ty flag at the receiver can be decoded as a positive sig- 
nal, no flag as negative, if EPE of the receiver is held low. 
Figure 15 shows a more complex arrangement. 
DR goes 


high when the UART receives a byte via the send input, 
RRI. Since 
DR is connected 
to the 
ICL7135's 
RUN/ 


HOLD input this starts a new conversion. 
At the end of 


the conversion 
the falling edge of BUSY resets DR via 


the UART's ORR input. The transmit sequence 
is again 
started by STROBE. A quad 2-input multiplexer is used to 
superimpose 
polarity, over-range, 
and under-range 
onto 


the 05 word since in this instance it is known that B2 = 
B4 = Be = O. 


To insure proper operation, it is necessary that the UART 
clock be fast enough that each word is transmitted 
be- 


fore the next STROBE pulse arrives. 
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Low Power, 3~ Digit A/D Converter 


________ 
Oeneral De.crlption 


The Maxim ICL7136 is a monolithic analog to digital con- 
verter with very high input impedance. 
On-board active 


components 
include 
segment 
drivers, 
segment 
decod- 


ers, voltage reference 
and a clock circuit. The ICL7136 


directly drives a non-multiplexed 
liquid crystal (LCD) dis- 


play, requiring no external display drive circuitry. Signifi- 
cantly reduced power consumption 
makes the ICL7136 a 


superior device, especially for portable systems. 


Versatility and accuracy are inherent features of this con- 
verter. The dual-slope conversion technique automatical- 
ly rejects interference 
signals common in industrial envi- 


ronments. 
The true differential 
input and reference 
are 


particularly 
useful 
when 
making 
ratio metric 
measure- 


ments (ohms or bridge transducers), 
and the zero-inte- 


grator phase in Maxim's 
ICL7136 eliminates 
overrange 


hangover and hysteresis effects. 
Finally, this device of- 


fers high accuracy by lowering rollover error to less than 
one count and zero reading drift to less than 11Jo 
Vrc. 


___________ 
Application. 


These devices 
can be used in a wide range of digital 


panel meter applications. 
Most applications, however, in- 


volve the measurement 
and display of analog data: 


Pressure 
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_____________ 
Feature. 


• 
Improved 
2nd Sourcel 
(see 3rd page for 
"Maxim 
AdvantageT."). 


• 
Power 
dlilipation 
guarateed 
lell 
than 
1mW- 


9V battery 
life 3000 houri 
typical 


• 
Guaranteed 
first 
reading 
recovery 
from 
overrange 


• 
Zero 
Input 
Gives 
Zero 
Reading 


• 
Drives 
LCD Displays 
Directly 


• 
Low 
Noise 
(151JoVpop) without 
hysteresis 
or 
overrange 
hangover 


• 
True 
Differential 
Reference 
and 
Input 


• 
Monolithic, 
Low Power CMOS 
Design 


_______ 
O.rderlng Information 


Part 
Temp. 
Range 
Package 


ICL7136CPL 
O"Cto 
+70"C 
40 Lead Plastic DIP 


ICL7136CJL 
O·Cto 
+70·C 
40 Lead CERDIP 


ICL7136CQH 
O·Cto 
+70·C 
44 Lead Plastic Chip Carrier 


ICL7136C/D 
O"Cto 
+70·C 
Dice 


FULL SCALE 
INPUT 


2.000 V 


200.0 mV 


The "Maxim Advantage'·" signifies an upgraded quality level. At no additional cost we offer asecond-source device that is subject to the 
following: 
guaranteed performance 
over temperature along with tighter test specifications 
on many key parameters; and device 
enhancements. when needed, that result in improved performance without changing the functionality. 
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Power 
Dissipation 
(Note 
2) 
Cerdip 
Package 
.....•..•......•.....•• 
1000mW 


Plastic 
Package 
.................•••.... 
800mW 


Operating 
Temperature 
Range 
•..•..... 
O'C 
to +70'C 


Storage 
Temperature 
Range 
•••.••.. 
-65°C 
to +160°C 


Lead 
Temperature 
(Soldering, 
60 sec.) 
+300°C 


SupplyYoltage(Y+ 
toY-) 
15Y 
Analog 
Input Yoltage 
(either 
input)(Note 
1) 
Y+ 
to Y- 


Reference 
Input Yoltage 
(either 
input) 
Y+ 
to Y- 
Clock 
Input 
TEST to Y + 


Note 
1: Input voltages 
may exceed 
the supply voltages, 
provided 
the input current 
is limited to ± 100JLA. 


Note 
2: Dissipation 
rating assumes 
device 
is mounted 
with all leads soldered 
to printed 
circuit board. 


Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. These are stress ratings only and functional 
operation 
of the device 
at these 
or any other conditions 
above 
those indicated 
in the operational 
sections 
of the specifications 
is not implied. 
Exposure 
to absolute 
maximum 
rating conditions 
for extended 
periods 
may affect 
device 
reliability. 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Zero Input Reading 
V'N=O.OV 
-000.0 
±OOO.O 
+000.0 
Digital Reading 


Full·Scale = 200.0mV 


Ratiometrlc 
Reading 
V,,, = VREF, VREF = 100mV 
999 
999/1000 
1000 
Digital Reading 


RolI·Over Error (Difference In 
- V'N= + V'N= 200.0mV 
-1 
±0.2 
+1 
Counts 


reading for equal positive and 
negative reading near full·scale) 


linearity 
(Max. deviation from 
Full·Scale = 200mV 
-1 
±0.02 
+1 
Counts 


best straight 
line fit) 
or Full-Scale = 2.OOOV 


Common· Mode Rejection Ratio 
VCM = ± 1V,V'N = OV 
50 
~VIV 
(Note 4) 
Full·Scale = 200.0mV 
,(. 
I •• 


Noise (Pk·Pk value not exceeded 
V'N= OV,Full-Scale = 200.0mV 
~ 
• 
15 
~V 
95% of time) 
:. 


Leakage Current 
@ Input 
V'N=OV 
- 
1 
10 
pA 


Zero Reading Drift 
V'N=OV, O'C<TA< 
+ 70'C 
0.2 
1 
~VI'C 


Scale Factor Temperature 
V'N = 199.0mV,O'C < TA < + 70'C 
1 
5 
ppml'C 
Coefficient 
(Ext. Ref. Oppml'C) 


Supply Current (Does not 
V'N= OV(Note 6) 
70 
100 
~A 


Include COMMON current) 


Analog COMMON Voltage (With 
250kll between Common and 
2.6 
3.0 
3.2 
V 


respect to positive supply) 
Positive Supply 


Temp. Coeff. of Analog COMMON 
250kll between Common and 
150 
ppm/'C 


(With respect to positive supply) 
Positive Supply 


Pk·Pk Segment Drive Voltage 
V+ toY 
=9V 
4 
5 
6 
V 


(Note 5) 


Pk·Pk Backplane Drive Voltage 
v+ 
toY 
=9V 
4 
5 
6 
V 


(Note 5) 


Power Dissipation 
Capacitance 
vs Clock Frequency 
40 
pF 


Note 
3: Unless 
otherwise 
noted, 
specifications 
apply at TA= 25°C, 
fCLOCK = 16kHz 
and are tested 
in the circuit of Figure t. 


Note 
4: Refer 
to "Drtferential 
Input" 
discussion. 


Note 
5: Backplane 
drive is in phase with segment 
drive for "off" 
segment, 
1800 out of phase for "on" 
segment. 
Frequency 
is 20 times conversion 
fate. Average 
DC 
component is less than 50mV. 


Note 6: 48kHzoscillator,Figure2, increasescurrentby 20~A (typ). 


Note 
7: Extra capacitance 
of CERDIP 
package 
changes 
oscillator 
resistor 
value to 470kn 
or 150kO 
(1 reading/sec 
or:3 readings/sec). 


The electrical characteristics above are s reproduction of s portion of Intersil's copyrighted (1983/1984) 
data book. This information does not constitute any 


representation by Maxim that Intersil's products will perform in accordance 
with these specifications. 
The "Electrical Characteristics Table" along with the 
descriptive excerpts from the original manufacturer's data sheet have been included in this data sheet solely for comparative purpose.s. 
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Low Powe/i 3~ Digit A/D Converter 


• 
Low 
Noise 


• 
Key 
Parameters 
Guaranteed 
over 
Temperature 


• 
Guaranteed 
Overload 
Recovery 
Time 


• 
Significantly 
Improved 
ESD Protection 
(Note 
9) 


• 
Negligible 
Hysteresis 


• 
Increased 
Maximum 
Rating 
for 
Input 
Current 
(Note 
10) 


• 
Maxim 
Quality 
and 
Reliability 


ELECTRICAL CHARACTERISTICS: 
Specificationsbelowsatisfyor exceedall "tested" parameterson adjacentpage. 
(V+ ~ 9V;TA ~ 25"C;fCLOCK = 16kHz; test circuit- Figure1; unlessnoted) 


CHARACTERISTICS 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Zero Input 
Reading 
VIN = O.OV,Full Scale = 200.0mV 
TA = 25·C (Note 8) 
-000.0 
±OOO.O 
+000.0 
Digital 
0"';; 
TA';; 
+70"C(Note 
12) 
-000.0 
±OOO.O 
+000.0 
Reading 


Ratlometrlc 
Reading 
VIN = VREF, VREF = 100mV 
TA = 25·C (Note 8) 
999 
999/1000 
1000 
Digital 


0"';; 
TA';; 
+70"C(Note 
12) 
998 
999/1000 
1001 
ReadinQ 


Rollover 
Error (Difference 
in 
-VIN 
= +VIN 
~200.0mV 


reading for equal positive and 
TA = 25·C (Note 8) 
-1 
±.2 
+1 
Counts 


negative reading near Full Scale) 
O· ,;; TA ,;; + 70·C (Note 12) 
±.2 


Linearity (Max. deviation from 
Full Scale = 200.0mV 
-1 
±.2 
+1 
Counts 
best straight line fit) 
or full scale = 2.000V 


Common 
Mode Rejection 
Ratio 
VCM = ±1V, VIN = OV 
5 
IJ-VIV 
Full Scale = 200.0mV 


Noise (Pk-Pk value not exceeded 
VIN = OV 
10 
IJ-V 
95% of time) 
Full Scale = 200.0mV 


Input 
Leakage 
Current 
VIN = 0 
TA = 25·C (Note 8) 
1 
10 
pA 
O· ,;; TA ,;; +70"C 
200 


Zero Reading Drift 
VIN = 0 
O· ,;; TA ,;; + 70·C (Note 8) 
0.2 
1 
/LVrC 


Scale Factor Temperature 
VIN = 199.0mV 


Coefficient 
0·';; 
TA';; 
+70·C 
1 
5 
ppmrC 


(Ext Ref. OppmrC) 
(Note 8) 


V + Supply 
Current 
VIN = 0 
TA = 25·C 
60 
100 
IJ-A 
0" ,;; TA ,;; +70"C 
120 


Analog Common 
Voltage (with 
250kO between 
Common & 
2.6 
2.8 
3.2 
V 


respect to Pos. Supply) 
Pos. Supply 


Temp. Coeff. of Analog Common 
250kO between 
Common & 
75 
ppmrC 


(with respect to Pos. Supply) 
Pos. Supply 


Pk-Pk Segment 
Drive Voltage 
V+ toV- 
= 9V 
4 
5 
6 
V 


Pk-Pk Backplane 
Drive Voltage 


Test Pin Voltage 
With respect 
to V + 
4 
5 
6 
V 
Overload 
Recovery Time 
VIN changing from 
± 10V 
0 
1 
Measurement 
(Note 
11) 
toOV 
Cycles 


Note 8: 
Test condition 
is V1Napplied 
between 
pins IN-HI and IN-LO 
through 
8 1MO series resistor 
as shown 
in Figure 
1. 
Note 9: All pins are designedto withstandelectrostaticdischarge(ESD)levelsin excessof 2000V. (Testcircuit per Mil Std 883, Method3015.1) 


Note 
10: Input voltages 
may exceed the supply voltage 
provided 
the input current is limited to ± 1mA (This revises Note 1 on adjacent 
page). 


Note 11: Number 01 measurement 
cycles for display to give accurate 
reading. 


Note 12: 1Mn resistor 
is removed 
from circuits in Figure 1. 
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__________ 
Ana/og Section 


Figure 3 shows the Block Diagram of the Analog Section 
for the ICL7136. Each measurement cycle is divided into 
four phases: 


1. 
Auto·Zero 
(A-Z) 


2. 
Signal Integrate (INn 


3. 
Reference 
De-Integrate 
(01) 


4. 
Zero Integrator (ZI) 


Auto-Zero 
Phase 


Three events occur during auto-zero. 
The inputs, IN-HI 
and IN-La, are disconnected 
from the pins and internally 
shorted to analog common. 
The reference 
capacitor 
is 
charged to the reference voltage. And lastly, a feedback 
loop is closed around the system to charge the auto-zero 
capacitor 
CAZ to compensate 
for offset voltages 
in the 
comparator, 
buffer amplifier and integrator. The inherent 
noise of the system determines the A-Z accuracy. 


Signal Integrate 
Phase 


The internal input high (IN-HI) and input low (IN-La) are 
connected 
to the external pins, the internal short is re- 
moved and the auto-zero loop is opened. The converter 
then 
integrates 
the differential 
voltage 
between 
IN-HI 
and IN-La 
for a fixed time. This differential 
voltage can 
be within a wide common-mode 
range (within one volt of 
either supply). If, however, the input signal has no return 
with respect to the converter power supply, IN-La can be 
tied to analog common to establish the correct common- 
mode voltage. The polarity of the integrated signal is de- 
termined at the end of this phase. 


Reference 
De-Integrate 
IN-HI is connected 
across the previously charged refer- 


ence capacitor and IN-La is internally connected 
to ana- 


log common. 
Circuitry within the chip ensures that the 
capacitor 
will be connected 
with the correct 
polarity to 
cause the integrator 
output to return to zero. The input 


signal determines 
the time required for the output to re- 
turn to zero. The digital reading displayed is: 


1000 X 
VIN 
VREF 
Zero Integrator 
Phase 


Input low is shorted to analog COMMON and the refer- 
ence capacitor 
is charged 
to the reference 
voltage. 
A 


feedback loop is closed around the system to input high, 
causing 
the 
integrator 
output 
to 
return 
to zero. 
This 


phase normally lasts between 
11 and 140 clock pulses 


but is extended to 740 clock pulses after a "heavy" 
over 
range conversion. 


Differential 
Reference 
The reference voltage can be generated anywhere within 
the power 
supply voltage 
of the converter. 
The 
main 
source of common-mode 
error is a roll-over voltage. This 


is caused by the reference 
capacitor 
losing or gaining 
charge to stray capacitance 
on its nodes. The reference 


capacitor can gain charge (increase voltage) if there is a 
large common-mode 
voltage. This is the result of a posi- 


tive signal de-integration. 
In contrast, the reference 
ca- 
pacitor will lose charge (decrease voltage) when de-inte- 
grating a negative input signal. Rollover error is caused 
by this difference 
in reference 
for positive 
or negative 


input voltages. This error can be held to less than half a 
count for the worst-case 
condition 
by selecting 
a refer- 


ence capacitor that is large enough in comparison to the 
stray capacitance. 
(See component 
value selection.) 
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Differential 
Input 


Differential 
voltages 
anywhere 
within 
the common- 
mode range ofthe 
input amplifier 
can be accepted 
by 
the 
input 
(specifically 
from 
1V below 
the 
positive 
supply 
to 
1.5V 
above 
the 
negative 
supply). 
The 
system 
has a CMRR of86dB 
(typ) 
in this range. Care 
must 
be 
exercised, 
however, 
to 
ensure 
that 
the 


integrator 
output 
does 
not 
saturate, 
since 
the 
in- 
tegrator 
follows 
the com mon-mode 
voltage. 
A large 
positive 
common-mode 
voltage 
with a near full-scale 
negative 
differential 
input 
voltage 
is a worst-case 
condition. 
When most ofthe 
integrator·output 
swing 
has 
been 
used 
up 
by the 
positive 
common-mode 
voltage, 
the 
negative 
input 
signal 
drives 
the 
inte- 
grator 
more positive. 
The integrator 
swing 
can be re- 
duced 
to less than 
the recommended 
2V full-scale 
swing 
with no loss of accuracy 
in these critical 
appli- 
cations. 
The integrator 
output 
can swing 
within 
O.3V 
of either 
supply 
without 
loss of linearity. 


Analog Common 


The primary purpose of this pin is to set the common- 
mode voltage for battery operation. This is useful for any 
system where the input signals are floating with respect 
to the power supply. A voltage of approximately 
2.8V less 
than the positive supply is set by this pin. The Analog 
Common has some of the attributes of a reference volt- 
age. If the total supply voltage is large enough to cause 
the zener to regulate 
(>7V), 
the common 
voltage 
will 
have a low output 
impedance 
(approximately 
150), 
a 
temperature 
coefficient 
of typically 80 ppmrC 
and a low 
voltage coefficient 
(.001 %). 


During auto-zero and reference integrate the internal in- 
put low is connected 
to Analog Common. If IN-LO is dif- 


ferent from Analog-Common, 
a common-mode 
voltage 
exists in the system and is taken care of by the excellent 
CMRR of the converter. 
In some applications, 
however, 
IN-LO will be set at a fixed known voltage (e.g., power 
supply common). 
Whenever 
possible 
Analog 
Common 
should be tied to the same point, thus removing the com- 
mon-mode 
voltage from the converter. The same holds 
true for the reference 
voltage. 
If convenient, 
the refer- 
ence should be referenced to analog common as shown 
in Figure 4B. This will remove the common-mode 
voltage 
from the reference system. 


Analog common 
is internally tied to an N-channel 
FET 
that can sink 500 /-LAor more of current. This will hold the 
analog common voltage 2.8V below the positive supply 
(when a source is trying to pull the common line positive). 
There is only 1 /-LAof source current, however, so com- 
mon may easily be tied to a more negative voltage, thus 
over-riding the internal reference. 
______________ 
T•• t 


Two functions are performed 
by the test pin. The first is 
using this pin as the negative supply em the 7136. This is 
useful for externally 
generated 
segment 
drivers or any 


other annunciators 
the user may want to include on the 
LCD. This pin is coupled to the internally generated digi- 
tal supply through 
a 5000 
resistor. This application 
is 
illustrated in Figures 5 & 6. 


A lamp test is the second function. All segments will be 
turned 
on and the display 
should 
read 
-1888, 
when 
TEST is pulled high (V + ). 


Caution: In the lamp test mode, the segments 
have a 
constant dc voltage (no square wave). This can burn the 
LCD (display) if left in this mode for several minutes. 
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Low Powe~ 3~ Digit A/D Converter 


___________ 
Digital Section 


The digital section for the ICL7136 is illustrated in Figure 
7. In Figure 7, an internal digital ground is generated from 
a 6V zener diode and a large P channel source follower. 
This supply is made stiff in effort 
to absorb the large 
capacitive currrents when the back plane (BP) voltage is 
switched. The BP frequency is calculated by dividing the 
clock frequency 
by 800. For example, with a clock fre- 
quency of 48kHz (3 readings per second), the backplane 
will be a 60Hz square wave with a nominal amplitude of 
5V. The segments are driven at the same frequency and 
amplitude. Note that these are out-of-phase when the BP 
is On and in-phase when OFF. Negligible de voltage ex- 
ists across the segments in either case. 


The polarity indication is "on" for negative analog inputs, 
for the ICL7136. If desired IN-HI and IN-LO can be re- 
versed giving a "on" 
for positive analog inputs. 


System Timing 


The clocking circuitry for the ICL7136 is illustrated in Fig- 
ure 7. Three approaches 
can be used: 


1. 
A crystal between pins 39 and 40. 


2. 
An ex1ernal oscillator connected 
to pin 40. 


3. 
An RC oscillator using all three pins. 
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The decade counters are driven by the clock frequency 
which is divided by four. This frequency 
is then further 


divided to form the four convert-cycle 
phases, namely: 


signal integrate (1000 counts), reference de-integrate 
(0 


to 2000 counts), auto-zero (260 to 2989 counts) and zero 
integrator (11 to 740). 


The signal integration 
should be a multiple of 60Hz to 


achieve a maximum rejection of 60Hz pickup. Oscillator 
frequencies 
of 33%kHz, 
40kHz, 48kHz, 60kHz, 80kHz, 


120kHz, 240kHz, etc., should be selected. Similarly, for 
50Hz 
rejection, 
oscillator 
frequencies 
of 
200kHz, 


100kHz, 66%kHz, 
50kHz, 40kHz, etc., are appropriate. 


Note that 40kHz (2.5 readings/second) 
will reject both 


50 and 60Hz (also 400 and 440Hz). 


Auto-zero 
receives 
the 
unused 
portion 
of 
reference 


deintegrate 
for signals less than full-scale. 
A complete 


measurement 
cycle is 4,000 counts (16,000 clock puls- 


es), independent 
of input voltage. As an example, an os- 


cillator frequency of 16kHz would be used to obtain one 
reading per second. 


Low Power, 3~ Digit A/D Converter 


_____ 
Component 
Value Selection 


Auto-Zero 
Capacitor 


The noise of the system is influenced 
by the auto-zero 


capacitor. For a 2V scale, a 0.1/LF capacitor is adequate. 
A 0.47/LF capacitor 
is recommended 
for the 200mV full 


scale where noise rejection is very important. Due to the 
ZI phase, noise can be reduced by using a larger auto- 
zero capacitor 
without 
causing hysteresis 
or overrange 
hangover problems. 


Reference 
Capacitor 


For most applications, 
a 0.1/LF capacitor 
is acceptable. 
However, 
a large value is needed to prevent 
roll over 
error where a large common-mode 
voltage 
exists (Le., 
the REF-LD pin is not at analog common) and a 200mV 
scale is used. Generally, the roll over error will be held 
half a count by using a 1.0/LF capacitor. 


Integrating 
Capacitor 


To ensure that the integrator will not saturate (approxi- 
mately 0.3V from either supply), an appropriate 
integrat- 
ing capacitor must be selected. A nominal ±2V full-scale 
integrator swing is acceptable when the analog common 
is used as a reference. 
The nominal value for CINT is 
0.15/LF at one reading per second. (16kHz clock). This 
value should be changed in inverse proportion 
to main- 
tain the same output swing if a different 
oscillator 
fre- 
quency is used. 


The integrating 
capacitor 
must have low dielectric 
ab- 
sorption 
to minimize 
linearity errors. Polypropylene 
ca- 
pacitors are recommended 
for this application. 


The integrating resistor should be large enough to keep 
the amplifiers 
in the linear region over the entire input 


voltage 
range. The resistor value, however, 
should be 


low enough 
that undue leakage 
requirements 
are not 


placed on the PC boards. For a 200mV scale, a 180kfi 
resistor is recommended; 
(2V scale/1.8MEGfi). 


Reference 
Voltage 


An analog input voltage of VIN equal to 2 (VREF) is re- 
quired to generate full scale output of 2000 counts. Thus, 
for 2V and 200mV scales, VREF should equal 1V and 
100mV respectively. 
However, 
there 
will exist a scale 


factor other than the unity between the input voltage and 
the digital reading in many applications where the AID is 
connected 
to a transducer. 


As an example, the designer may like to have a full scale 
reading in a weighing system when the voltage from the 
transducer 
is 0.682V. The designer should use the input 


voltage directly and select VREF at 0.341 V instead of di- 
viding the input down to 200mV. A suitable value of the 
integrating 
resistor would be 330kfi. 
This provides for a 


slightly quieter system and avoids a divider network on 
the input. Another advantage of this system occurs when 
the digital reading of zero is desired for VIN * zero. Ex- 
amples are temperature 
and weighing systems with vari- 


able tare. By connecting the voltage transducer between 
VIN positive and common, and the variable (or fixed) off- 
set voltage between common and VIN negative, the off- 
set rating can be conveniently 
generated. 


Integrating 
Resistor 


The integrator and the buffer amplifier both have a class 
A output stage with 6/LA of quiescent 
current and can 
supply 1/LA of drive current with negligible non-linearity. 


Oscillator Components 


A 50pF capacitor 
is recommended 
for all ranges of fre- 


quency and the resistor 
is selected 
from the equation 


f 
:::: 0.45/RC. 
For 48kHz 
clock 
(3 readings/second), 


R = 180kfi, 
for 16kHz, R = 560kfi. 
---------------- 
T.ypical Applications 
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Figure 
9. 7136 Operated 
from Single +5V Supply. 
An ex/ernel 
reference 


must be used in this application. since the voltage between 
V+ and V- 
is 
insufficient 
for COffSC( operation 
of the internal reference. 
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Figure 
11. 7136 used as a Digilal centigrada 
Thermomater. 
A siticon diode- 


connectBd 
transistor has a temperature 
coefficient 
of about 
-2mV/-C. 
Csli- 


bration is achieved by placing 
the sensing transistor in ice water and adjusting 


the zeroing poten1iometer 
for a 000.0 reading. 
The sensor 
should 
then be 


placed 
in boiling 
water and 
the scats-factor 
poten1iometer 
adjusled 
for a 


100.0 resding. 
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_______ 
General Description 


The Maxim 
ICL7137 
is a monolithic 
analog 
to digital 


converter 
with all the necessary active devices to directly 


interface 
with 
a light 
emitting 
diode 
(LED) 
display. 
Excluding 
the LED display current, 
the ICL7137 supply 


current 
is under 
200J.lA, making 
it suitable 
for battery 


operation. 


Versatility 
and 
accuracy 
are 
inherent 
features 
of 


this converter. 
The dual-slope 
conversion 
technique 


automatically 
rejects 
interference 
signals 
common 
in 


industrial 
environments. 
Thetrue 
differential 
input and 


reference 
are particularly 
useful 
when 
making 
ratio- 


metric 
measurements 
(ohms 
or bridge 
transducers), 
and 
the 
zero-integrator 
phase 
in Maxim's 
ICL7137 
eliminates 
overrange 
hangover 
and hysteresis 
effects. 


Finally, this device 
offers 
high 
accuracy 
by lowering 


rollover 
error to less than one count 
and zero reading 
drift to less than 1J.lV/oC. 
_________ 
Appllcat/ons 


These devices 
can be used in a wide range of digital 
panel meter applications. 
Most applications, 
however, in- 


volve the measurement 
and display 
of analog data: 


Pressure 
Conductance 
Voltage 
Current 
Resistance 
Speed 
Temperature 
Material Thickness 


+ 
AULDS 
INPUT 
_ 


____________ 
Features 


• 
Improved 
2nd Sourcel 
(see 3rd page for 
"Maxim 
Advantage'·") 


• 
Guaranteed 
first reading 
recovery 
from overrange 


• 
Zero Input Gives Zero Reading 


• 
Drives LED Displays 
Directly 


• 
Low Noise (15J.lVp-p) without 
hysteresis 
or 
overrange 
hangover 


• 
1hle Differential 
Reference 
and Input 


• 
Monolithic, 
Low Power CMOS Design 


PART 
TEMP. RANGE 
PACKAGE 


ICL7137CPL 
O°C to +70°C 
40 Lead Plastic DIP 


ICL7137CJL 
O°C to +70°C 
40 Lead CERDIP 


ICL7137CQH 
O°C to +70°C 
44 Lead Plastic Chip Carrier 


ICL7137C/D 
O°C to +70°C 
Dice 


v+ 
[01 
I 
Cl 


l'~S 
::FI 
Gl 
El 


Oz 


Cz 


10~'S :~ 
FZ 


EZ 


Oa 


100'S 
Ba 
L 


Fa 
Ea 
1000'S - 
AB4 
POL 
20 


(MINUS 
SIGN) 


OSCI 


OSCz 


OSCa 


TEST 
REF HI 
REF lO 


C+REF 
C-REF 


COMMON 


IN HI 
IN LO 
All 
BUFF 


INT 
v- 
Gz (lO'SI 
Cal 
Aa 
100'S 
Ga~ 
GNO 


The "Maxim Advantage 
•••.signifies 
an upgraded 
quality 
level. At no additiona' 
cost we offer 8 second-source 
device that is subject 
to the following: 
guaranteed 


performance 
over temperature 
,'ong 
with tighter 
test spec;t;cations 
on many key parameters; 
and device enhancements. 
when needed, 
that result in improved 


performance 
without 
changing 
the functionality. 
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ABSOLUTE MAXIMUM RATINGS 


Supply Voltage v+ 
:... 
+6V 


v- 
-9V 
Analog Input Voltage (either input) (Note 1) 
V+ to V- 
Reference Input Voltage (either input) 
V+ to V- 


Clock Input 
GND to V+ 


Power Dissipation 
(Note 2) 
Cerdip Package 
........•.........••... 
1000mW 


Plastic Package 
......•..••........•.•.. 
800mW 


Operating Temperature Range 
•........ 
O°C to +70°C 


Storage Temperature Range 
.•.•.... 
-65°C to +160°C 


Lead Temperature (Soldering, 
60 sec.) ......•. 
+300°C 


Input voltages may exceed the supply voltages, provided the input current is limited to ±100/lA. 
Dissipation 
rating assumes device is mounted with all leads soldered to printed circuit board. 
Note 1: 
Note 2: 


Stresses above those listed under '14bsolute Maximum 
Ratings" may cause permanent 
damage to the device. These are stress ratings only and functional 


operation 
of the device at these or any other conditions 
above those indicated 
in the operational 
sections 
of the specifications 
is not implied. 
Exposure 
to 
absolute maximum 
rating conditions 
for extended periods may affect device reliability. 


PARAMETERS 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Zero Input Reading 
VrN = O.OV 
-0000 
±OOO.O 
+000.0 
Digital 
Full Scale = 200.0mV 
Reading 


Ratiometric 
Reading 
VrN = VREF, VREF = 100mV 
999 
999/1000 
1000 
Digital 
Reading 


Rollover Error (Difference 
in 
-VrN = +VrN '" 200.0mV 
-1 
±0.2 
+1 
Counts 
reading for equal positive and 
negative reading near full scale) 


Linearity 
(Max. deviation from 
Full Scale = 200.0mV 
-1 
±0.2 
+1 
Counts 
best straight 
line fit) 
or full scale = 2.000V 


Common 
Mode Rejection Ratio 
VCM= ± 1V,VrN = OV 
~ 


30 
/lV/V 


(Note 4) 
Full Scale = 200.0mV 


Noise (Pk-Pk value not exceeded 
VrN = OV, Full Scale = 200.0mV 
15 
/lV 
95% of time) 
, 


Leakage Current @ Input 
VrN = 0 
~ 
1 
10 
pA 


Zero Reading Drift 
VrN = OV,0° < TA < +70°C 
0.2 
1 
/lVrC 


Scale Factor Temperature 
VrN = 199.0mV, O°C < TA < +70°C 
1 
5 
ppmrC 
Coefficient 
(Ext. Ref. Oppmrq 


V+ Supply Current (Does not 
VrN = OV (Note 5) 
70 
200 
include LED current) 
/lA 


V- Supply Current 
40 


Analog COMMON 
Voltage (With 
250kO between Common and 
26 
3.0 
3.2 
V 


respect to positive supply) 
Positive Supply 


Temp. Coetf. ot Analog COMMON 
250kO between Common and 
80 
ppm/oC 


(with respect to Positive Supply) 
Positive Supply 


Segment Sinking Current 
V+ = 5.0V 
5 
8.0 


(Except Pin 19) 
Segment Voltage = 3V 
mA 


(Pin 19 only) 
10 
16 


Power Dissipation 
Capacitance 
vs. Clock Frequency 
40 
pF 


Note 3: 
Note 4: 
NoteS: 
Note 6: 


Unless otherwise 
noted, specifications 
apply at TA=25°C, tCLOCK=16kHzand are tested in the circuit 
of Figure 
1. 


Refer to "Differential 
Input" discussion in the ICL7136 data sheet. 


48kHz oscillator, 
Figure 2, increases current by 35/lA (typ). 


Extra capacitance of CERDIP package changes oscillator resistor value to 470kO or 150kO (1 reading/sec or 3 readings/sec). 


The electrical characteristics 
above are a reproduction 
of a portion of Intersil's copyrighted 
(1983/1984) 
data book. This information 
does not constitute 
any 
representation 
by Maxim that Intersil's products 
will perform in accordance 
with these specifications. 
The "Electrical 
Characteristics 
Table" along with the 


descriptive excerpts from the original manufacturer's 
data sheet have been included in this data solely for comparative purposes. 
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• 
Low Noise 
• 
Negligible 
Hysteresis 


• 
Key Parameters 
Guaranteed 
Over Temperature 
• 
Increased 
Maximum 
Rating for Input Current 
(Note 8) 


• 
Guaranteed 
Overload 
Recovery 
Time 
• 
Maxim Quality 
and Reliability 


• 
Significantly 
Improved 
ESe Protection 
(Note 7) 


ABSOLUTE MAXIMUM RATINGS 
This device conforms 
to the Absolute Maximum Ratings on adjacent page. 


ELECTRICAL'CHARACTERISTICS 


Specifications 
below satisfy or exceed aii "tested" parameters on adjacent page. 


(V+ = 9V; TA = 25°C; fCLOCK 
= 16kHz; test circuit - Figure 1 unless noted.) 


PARAMETERS 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Zero Input Reading 
V'N = O.OV.Fuii Scale = 200.0mV 
TA = 25°C (Note 9) 
-000.0 
±OOO.O 
+000.0 
Digital 


0° S;TAS;70°C (Note 10) 
-000.0 
±OOO.O 
+000.0 
Reading 


Ratlometrlc 
Reading 
V'N = VAEF' VAEF = 100mV 
TA = 25°C (Note 9) 
999 
999/1000 
1000 
Digital 


0° S;TAS; 70·C (Note 10) 
998 
99911000 
1001 
Reading 


Roiiover Error (Difference 
in 
-V'N = +V'N'" 200mV 
reading for equal positive and 
TA= 25°C (Note 9) 
-1 
±0.2 
+1 
Counts 
negative reading near Fuii Scale) 
0° S;TAS; +70°C (Note 10) 
±0.2 


Linearity (Max. deviation from 
Fuii Scale = 200.0mV 
-1 
±0.2 
+1 
Counts 
best straight line fit) 
or fuii scale = 2.000V 


Common Mode Rejection Ratio 
VCM = ± lV, V'N = OV 
-100 
±5 
+100 
IlVN 
Full Scale = 2oo.0mV 


Noise (Pk-Pk value not exceeded 
V'N = OV 
10 
IlV 
95% of time) 
Full Scale = 200.0mV 


Input Leakage Current 
V'N = 0, 
TA = 25°C (Note 9) 
1 
10 
pA 


O· S;TAS; +70°C 
200 


Zero Reading Drift 
V'N= OV, 
0° S;TA S;70°C (Note 9) 
0.2 
1 
IlV/oC 


Scale Factor Temperature 
V'N = 199.0mV 
Coefficient 
0°:5: TA:5: +70°C 
1 
5 
ppml"C 


(Ext. Ref. Oppml"C)(Note 
9) 


y+ Supply Current 
V'N= OV 
TA = 25°C 
60 
200 
IlA 


0° S;TAS;70·C 
240 


V- Supply Current 
V'N= OV, 
60 
200 
IlA 


Analog Common Voltage (with 
250kfi between Common 
& 
2.6 
2.8 
3.2 
V 
respect to Pos. supply) 
Pos. Supply 


Temp. Coeff. of Analog Common 
250kfi between Common 
& 
75 
ppm/oC 


(with respect to Pos. Supply) 
Pos. Supply 


Segment Sinking Current 
V+ = 5.0V 
5 
8.0 
mA 


(Except Pin 19) 
Segment Voltage = 3V 


(Pin 19 only) 
10 
16 
mA 


Test Pin Voltage 
With Respect to v+ 
4 
5 
6 
V 


Overload Recovery Time 
V'Nchanging from ± 10V 
0 
1 
Measurement 
(Note 11) 
to OV 
Cycles 


Aii pins are designed 
to withstand 
electrostatic 
discharge 
(ESD) levels in excess of 2000V. (Test circuit 
per Mil. Std. 883C, 


Method 3015.2) 
Input voltages may exceed the supply voltage provided the input current is limited to ±1 mA (This revises Note 1on adjacent page). 
Test condition 
is V'N applied between the "Analog Input" pins (Figure 1). 


1Mfi resistor is removed in Figures 1 and 2. 
Number of measurement cycles for display to give accurate reading. 


Note 8: 
Note 9: 
Note 10: 
Note 11: 


•• 


Detailed 
Description 


The Maxim ICL7137 3'h digit AID converter 
is similarto 
the Maxim ICL7136 except for the LED segment 
driver 
outputs, 
and is similar to the ICL7107 except for much 
reduced 
power supply 
currents 
(exclusive 
of the LED 


currents.) 
For a detailed 
product 
description, 
compo- 


nent value selection, 
and package dimensions, 
refer to 


Maxim's ICL7136 data sheets; for applications 
informa- 


tion refer to Maxim's 
ICL7107 data sheets. 
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2-19 


CMOS Quad 8 Bit D/A Converter with Voltage Output Amplifier......................... 
2-19 


CMOS 10 Bit Multiplying 
D/A Converter 
2-31 


CMOS 12 Bit Multiplying 
D/A Converter 
2-31 


CMOS 8 Bit Multiplying 
D/A Converter 
2-37 


CMOS 8 Bit Buffered Multiplying 
D/A Converter 
2-41 


CMOS Dual 8 Bit Buffered Multiplying 
D/A Converter 
2-49 


CMOS 10 Bit Multiplying 
D/A Converter 
2-61 


CMOS 12 Bit Multiplying 
D/A Converter 
2-61 


CMOS Low Cost 10 Bit Multiplying 
D/A Converter 
2-65 


CMOS 12 Bit Multiplying 
D/A Converter 
2-71 


CMOS 12 Bit Multiplying 
D/A Converter 
2-75 


CMOS 12 Bit pP-Compatible 
D/A Converter. 
. .. .. .. .. .. .. . . . . . . . . . .. .. . .. .. .. . . .. .. . .. 
2-81 


CMOS 12 Bit Serial Input D/A Converter 
2-89 


CMOS 12 Bit Buffered Multiplying 
D/A Converter...................................... 
2-97 
~ 
CMOS Dual 8 Bit Buffered Multiplying 
D/A Converter 
2-49 
..- 


D/A Converters 


Part 
Relative 
Gain 
Settling 
Power 
Page 
Number 
Type 
Resolution 
Accuracy 
Tempco 
Time 
Output 
Dissipation 
No. 


%F.s. 
ppmJ"C(max) 
(mW) 


AD565A 
Bipolar, wiRe!. 
12-bit 
0.012 
20 
250ns max 
Current 
345 
2-1 


to 0.006 
AD566A 
Bipolar 
12-bit 
0.012 
20 
350ns max 
Current 
300 
2-1 


to 0.006 


AD7224 
Multiplying 
8-bit 
0.2 
20 
51JSmax 
Voltage 
75 
2-9 
AD7225 
Quad, Multiplying 
8-bit 
0.2 
20 
41'Smax 
Voltage 
150 
2-19 
AD7226 
Quad, Multiplying 
8-bit 
0.2 
20 
41'Smax 
Voltage 
195 
2-19 


AD7520 
Multiplying 
10-bit 
0.2 to 0.05 
10 
500ns typ 
Current 
30 
2-31 
AD7521 
Multiplying 
12-bit 
0.2 to 0.05 
10 
500ns typ 
Current 
30 
2-31 


AD7523 
Multiplying, 
Low Cost 
8-bit 
0.2 to 0.05 
67 
150ns typ 
Current 
1.6 
2-37 


AD75241 
Multiplying 
8-bit 
0.5 to 02 
40 
250ns max 
Current 
30 
2-41 


MAX7624 
AD75281 
Dual, 
8-bit 
0.5 to 0.2 
35 
180ns max 
Current 
15 
2-49 
AD7628 
Multiplying 


AD7530 
Multiplying 
10-bit 
0.2 to 0.05 
10 
500ns typ 
Current 
30 
2-61 


AD7531 
Multiplying 
12-bit 
0.2 to 0.05 
10 
500ns typ 
Current 
30 
2-61 
AD7533 
Multiplying 
10-bit 
0.2 to 0.05 
10 
800ns max 
Current 
30 
2-65 


AD7541 
Multiplying 
12-bit 
0.025 to 0.012 
10 
llJS max 
Current 
30 
2-71 
AD7541 A 
Multiplying 
12-bit 
0.025 to 0.012 
5 
600ns typ 
Current 
30 
2-75 


AD7542 
Multiplying 
12-bit 
0.012 
5 
21JSmax 
Current 
12.5 
2-81 


AD7543 
Serial Input 
12-bit 
0.012 
5 
21JSmax 
Current 
12.5 
2-89 
AD7545 
Multiplying 
12-bit 
0.05 to 0.012 
5 
2ns max 
Current 
30 
2-97 


______ 
Digital/Analog 
Converter Terminology 


Absolute Accuracy: The difference 
between 
the ideal 


expected 
DAC 
output 
voltage 
or 
current 
and 
the 
actual observed 
output. 
See Total Unadjusted 
Error. 


Channel-To-Channel 
Isolation: 
In multiple 
DAC de- 


vices, the amount 
of signal 
which 
couples 
from 
one 
DAC reference 
input to a different 
DAC output. 
Speci- 


fied in dB. 


Differential 
Nonlinearity: 
The difference 
between 
the 
measured 
and the ideal 
output 
step change 
for a 1 
LSB digital 
input change. 
Specified 
in LSB. A specifi- 
cation 
of ±1 LSB or less guarantees 
monotonicity. 


Digital Crosstalk: In multiple 
DAC devices, the Glitch 


Impulse 
coupled 
from 
the digital 
inputs 
of one DAC 
to 
the 
analog 
output 
of 
a different 
DAC 
channel. 


Specified 
in nV-s. 


Digital 
To 
Analog 
Converter: 
Also 
DAC, 
D/A, and 
D-to-A. 
A device which 
converts 
a digital 
input 
code 


to a variable 
analog 
output 
current 
or voltage. 


Feedthrough 
Error: Signal 
caused 
by coupling 
from 
reference 
input to output 
when the DAC logic 
inputs 
are all LOW. Expressed 
in mV or dB relative 
to VREF 
and measured 
with an AC reference 
input. 


Four-Quadrant 
Refers 
to the 
ability 
of the 
DAC to 
operate 
with 
reference 
inputs 
and analog 
outputs 
of 
both positive 
and negative 
polarity. 


Full-Scale 
Error: Also Gain Error. The difference 
be- 


tween 
the actual 
and ideal DAC output 
at Full-Scale. 


Expressed 
in mV, % of FSR, or LSBs. 


Gain: Ratio 
of output 
voltage 
to 
input 
voltage. 
For 
DMOS 
multiplying 
DACs, when 
used with an output 
amplifier, 
it is the ratio of output 
voltage 
to reference 
voltage. 


Glitch Impulse: The amount 
of charge 
injected 
from 


the 
digital 
inputs 
to 
the 
analog 
output 
when 
the 


inputs 
change 
state. Specified 
as the area under 
the 


impulse, 
in pA-s or nV-s. 


Least Significant 
Bit (LSB): The digital 
input 
bit that 
has the 
smallest 
weight. 
Also 
the 
smallest 
analog 
step that 
a DAC can take. As an analog 
quantity, 
1 
LSB 
= VREF x 2-N, where 
N is the 
number 
of DAC 


input bits. 


Linearity: Also Nonlinearity 
and Integral 
Nonlinearity. 


See Relative Accuracy. 


Monotonic: 
A 
DAC 
is said 
to 
be monotonic 
if its 
analog 
output 
either 
increases 
or stays the same for 
an 
increasing 
digital 
input. 
Monotonicity 
is either 
guaranteed 
by direct 
statement 
or 
by a maximum 
Differential 
Nonlinearity 
Specification 
of ±1 LSB. 


Most Significant Bit: The digital 
input 
bit that has the 


largest weight. 


Multiplying 
DAC: A type of DAC in which 
the refer- 


ence 
input 
can be varied. 
The output 
signal 
is then 


the "product" 
of the 
reference 
input 
and the digital 


input code. 


Output Amplifier: Typically 
an op-amp, 
connected 
to 


a DAC output, 
which 
converts 
an output 
current 
to a 


voltage. Also used to buffer a high impedance 
voltage 


output 
or provide 
additional 
gain. Some DACs include 


on-chip 
output 
amplifiers. 


Output 
Capacitance: 
Capacitance 
from 
DAC output 


terminals 
to ground. 


Output 
Leakage 
Current: DAC output 
current 
when 


the ideal value is zero. OUT1 current 
when 
all digital 


inputs 
are 
low 
and 
OUT2 
current 
when 
all 
digital 


inputs are high. 


Propagation Delay: Time required, 
after an input code 


change, 
for a DAC output 
to reach 
90% of its final 


value. Usually specified 
for a Full Scale output 
step. 


R-2R 
Ladder: A resistor 
network 
used 
to 
generate 


binarily 
weighted 
currents 
or voltages 
in Digital-to- 


Analog 
and Analog-to-Digital 
Converters. 


Relative Accuracy: 
(or End-Point 
Nonlinearity) 
The 
2 


maximum 
deviation 
from a straight 
line which 
passes 


through 
the endpoints 
of the DAC transfer 
function 


(Zero and Full Scale). It is expressed 
in % or ppm of 


the Full Scale Range (FSR) or in LSBs. 


Resolution: The number 
of steps that a DAC can take 


expressed 
in number of bits. A DAC with N-bit resolu- 


tion can take 2N steps. 


Settling Time: The time required 
for a DAC to settle 


(and remain) 
within 
'h LSB of its final 
value. 
Usually 


specified 
for a Full Scale step change. 


Temperature 
Coefficient 
The variation 
of a parameter 


(such 
as Zero 
Error, 
Full 
Scale 
Gain, 
or 
Linearity) 


with 
ambient 
temperature. 
Specified 
in 
%/oC 
or 


ppm/oC. 


Total Unadjusted 
Error: Includes 
Full Scale, Relative 


Accuracy, 
and 
Zero 
Code 
Error 
specifications. 
The 


maximum 
output 
deviation 
from 
the 
ideal 
expected 


values. 
Specified 
in LSBs 
or % of 
FSR at a fixed 


reference 
voltage, 
usually +10V. 


Unipolar: Refering 
to DAC output, 
either 0 to +V or 0 


to -V output. 


Bipolar: Refering 
to DAC output, 
-V to +V output. 


Zero Code Error: Also Offset 
Error. The DAC output 


voltage 
for 
an all zero 
digital 
input 
code 
(Unipolar 


configuration). 
Specified 
in mV or LSBs. 


The AD565A and AD566A are 12-bit monolithic 
digital 
to 
analog 
converters 
(DACs) 
built 
in bipolar 
tech- 
nology 
that 
offer 
an excellent 
combination 
of high 
speed settling 
and ±1hLSB linearity. 
The AD565A 
also 
features 
an on-chip 
precision 
10V reference, 
whereas 
the AD566A 
requires 
an external 
reference. 


Laser trimming 
of the on chip 
thin 
film 
resistor 
net- 
works 
achieve 
±VsLSB typical 
linearity 
(±1hLSB max.) 
at +25°C. Full scale settling time to ±'h LSB is specifed 
at 250ns max. for the AD565A 
and 350ns max. for the 
AD566A. 
This 
high 
speed 
and 
accuracy 
makes 
the 
AD565A 
and 
AD566A 
DACs 
ideal 
choices 
for 
fast 
analog 
to digital 
converters 
and CRT display 
drivers. 


The AD565A 
and AD566A 
contain 
onboard 
applica- 
tion resistors 
that can be used as feedback 
and offset 
resistors 
with an external 
output 
amplifier 
to generate 
unipolar 
and bipolar 
outputs 
or as the input 
resistors 


in analog 
to digital 
converter 
applications. 
The excel- 
lent 
matching 
and 
tracking 
of 
the 
DAC's 
current 
setting 
resistor 
and application 
resistors 
assure good 
gain stability 
over both time and temperature. 


High Speed Display 
Drivers 


High Speed Control 
Systems 


High Speed AID Converters 


Data Acquisition 
Systems 


Test Equipment 


~~I~JXI~~I 
High Speed 12·8it 
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• 
250ns Settling 
to ±'!2LSB 


• 
Montonlclty 
Guaranteed 
Over Temperature 


• 
TTL and CMOS Logic Compatibility 


• 
High Stability 
Burled Zener 10V Reference 
(AD565A 
Only) 


• 
±'12LSB Linearity 
Guaranteed 
Over 
Temperature 
(AD565AK,AT 
and AD566AK,AT 
Only) 


• 
Low Power Consumption: 
225mW 


• 
Widely Second 
Sourced 
______ 
Orderlng Information 


PART 
TEMP. RANGE 
PACKAGE· 
ERROR 


AD565AJN 
DOCto +7DoC 
Plastic DIP 
±'hLSB 


AD565AJD 
DOCto +7DoC 
Ceramic 
±'hLSB 


AD565AJQ 
DOCto +7DoC 
CERDlp·· 
±'hLSB 


AD565AJCWG 
DOCto +7DoC 
Small Outline 
±'hLSB' 


AD565AJC/D 
DOCto +7DoC 
Dice 
±'hLSB 


AD565AKN 
DOCto +7DoC 
Plastic DIP 
±V.LSB 


AD565AKD 
DOCto +7DoC 
Ceramic 
±V.LSB 


AD565AKQ 
DOCto +7DoC 
CERDlp·· 
±V.LSB 


AD565AKCWG 
DOCto +7DoC 
Small Outline 
±V.LSB 


AD565ASD 
-55°C to +125°C 
Ceramic 
±'hLSB 


AD565ASQ 
-55°C to +125°C 
CERDlp·· 
±'hLSB 


AD565ATD 
-55°C to +125°C 
Ceramic 
±V.LSB 


AD565ATQ 
-55°C to +125°C 
CERDlp·· 
±V.LSB 


• All devices - 
24 lead packages 
•• MAXIM reserves the right to ship Ceramic packages in lieu of 


CERDIP packages. 


Ordering information 
for AD566A continued on back page 


Vee +15V 
3 


REF OUT [+IOV ±l%) 
4 


REFERENCE GNO 
5 


REFERENCE IN 
6 


VEE -15V 
7 


BIPOLAR OFFSET IN 
8 


OAC OUT [-2mA F S) 
9 


IOV S~N 
R ,. 


20V S~N 
R 
11 


POWER GNO 12 


NC 
1 


NC 
2 


REFERENCEGNO 
3 
AMP SUMMING 
4 
JUNCTION 
REF V KilN 
5 
VEE -15V IN 
6 
[20mA) 
BIPOLAR OFFSET R IN 
7 


NC 
8 


OAC OUT [-2m A F SI 
9 


IDV SPAN R 
,. 


20V S~N 
R 
11 


POWER GND 
12 


NI~JXI~"'I 
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High Speed 12·8it 
Monolithic D/A Converters 
ABSOLUTE MAXIMUM RATINGS 


Vcc to Power Ground (AD565A only) 
OVto +18V 
VEE to Power Ground 
OVto -18V 
Voltage on DAC Output 
-3V to +12V 
Digital Inputs (pins 13 to 24) to Power Ground 
-1V to +7V 
REF IN to Reference Ground 
±12V 
Bipolar Offset to Reference Ground 
±12V 
10V Span R to Reference Ground 
±12V 


20V Span R to Reference Ground 
.........•.............. 
±24V 


REF OUT (AD565A only) 
Short Circuit to Power Ground 
......•........... 
Continuous 


Short to Vcc 
Momentary 


Storage Temperature 
-65° C to +150° C 


Lead Temperature 
(Soldering, 
10 see) 
+300°C 


Package Dissipation 
1000mW 


Stresses above those listed 
under 
"Absolute 
Maximum 
Ratings" 
may cause permanent 
damage 
to the device. 
These are stress ratings 
only, and functional 


operation 
of the device 
at these or any other 
conditions 
above 
those indicated 
in the operational 
sections 
of the specification 
is not implied. 
Exposure 
to 


absolute 
maximum 
ratings 
conditions 
for extended 
periods 
may affect 
the device 
reliability. 


ELECTRICAL CHARACTERISTICS 
(TA = +250 C, Vcc = +15V (AD565A 
only), 
VEE = -15V 
, unless 
noted) 


AD565AJ,AS 
AD565AK,AT 
PARAMETER 
CONDITIONS 
AD566AJ,AS 
AD566AK, AT 
UNITS 


MIN. 
TYP. 
MAX. I MIN. 
TYP. 
MAX. 


Data Inputs (Pins 13 to 24) 


Input Voltage 
Bit ON Logic "1" 
TTL or 5V CMOS 
+2.0 
+5.5 
+2.0 
+5.5 
V 
Bit OFF Logic "0" 
TMIN to TMAX 
(Note 1) 
0 
+0.8 
0 
+0.8 
V 
Logic Current (each bit) 
Bit ON Logic "1" 
+120 
+300 
+120 
+300 
p.A 
Bit OFF Logic "0" 
+35 
+100 
+35 
+100 
p.A 


Resolution 
12 
12 
Bits 


Output 


Output Current 
Unipolar (all bits on) 
-1.6 
-2.0 
-2.4 
-1.6 
-2.0 
-2.4 
mA 


Bipolar (all bits on or off) 
±0.8 
±1.0 
±1.2 
±0.8 
±1.0 
±1.2 
mA 


Output Resistance 
6 
8 
10 
6 
8 
10 
kn 
(exclusive of span resistors) 


Output Offset 
Unipolar 
0.01 
0.05 
0.01 
0.05 
(adjustable to zero per Fig. 1) 
%ofF.S. 


Bipolar 
0.05 
0.15 
0.05 
0.1 
(Fig. 2, R, and R2 = 50n fixed) 


Output Capacitance 
25 
25 
pF 


Output Com pilance Voltage 
TMIN to TMAX 
-1.5 
+10 
-1.5 
+10 
V 


+25°C 
±Y.• 
±Y2 
±% 
±Y.• 


Accuracy 
(0.006) 
(0.012) 
(0.003) 
(0.006) 
LSB 
(error relative to full scale) 
±Y2 
.±% 
±v.• 
±Y2 
(%of F.S.) 
TM1N to TMAX 
(0.012) 
(0.018) 
(0.006) 
(0.012) 


Differential 
Nonlinearity 
+25°C 
±Y2 
±% 
±V.• 
±Y2 
LSB 
TM1N to TMAX 
Monotonicity 
Guaranteed 


Temperature 
Coefficients 


AD565A with Internal Reference 
Unipolar Zero 
1 
2 
1 
2 


Bipolar Zero 
5 
10 
5 
10 


Gain (Full Scale) 
AD565AJ 
15 
50 
ppm/oC 


AD565AK 
10 
20 


AD565AS 
15 
30 
AD565AT 
10 
15 


Differential 
Nonlinearity 
2 
2 


AD566A 
Unipolar Zero 
1 
2 
1 
2 


Bipolar Zero 
5 
10 
5 
10 


Gain (Full Scaie) 
ppm/oC 


AD566AJ, AS 
7 
10 
AD566AK, AT 
2 
3 


Differential 
Nonlinearity 
2 
2 


High Speed 12·8it 


Monolithic D/A Converters 


ELECTRICAL CHARACTERISTICS (continued) 
(TA = +25° C, Vcc = +15V (AD565A 
only), 
VEE = -15V 
, unless 
noted) 


AD565AJ,AS 
AD565AK,AT 
PARAMETER 
CONDITIONS 
AD566AJ,AS 
AD566AK,AT 
UNITS 


MIN. 
TYP. 
MAX. 
MIN. 
TYP. 
MAX. 


Full Scale Transition 
(Note 3) 


70% to 90% Delay plus Rise Time 
15 
30 
15 
30 
ns 
90% to 10% Delay plus Full Time 
30 
50 
30 
50 


Settling Time to within ±',I, LSB 
AD565A (Note 3) 
150 
250 
150 
250 
ns 
All Bits on-to-off 
or off-to-on 
AD566A (Note 3) 
250 
350 
250 
350 


Temperature 
Range 
AJ,AK 
0 
+70 
0 
+70 
°C 
(Operating) 
AS, AT 
-55 
+125 
-55 
+125 


Power Requirements 
(AD565A Only) 


+lps 
11.4V>IVeel 
> 16.5V 
3 
5 
3 
5 
mA 
-Ips 
-12 
-18 
-12 
-18 


+Vee Gain Sensitivity 
(N t 
2) 
11.4V>IVEEI 
> 16.5V 
3 
10 
3 
10 
ppm of 


-VEE Gain Sensitivity 
0 e 
15 
25 
15 
25 
F.S.I% 


Power Requirements 
(AD566A Only) 


-Ips 
-12 
-20 
-12 
-20 
mA 


11.4V>IVEEI 
> 16.5V 
ppm of 
-VEE Gain Sensitivity 
15 
25 
15 
25 
F.S.I% 


o to+5 
Oto +5 


Programmable 
Output Ranges 
-2.5 to +2.5 
-2.5 to +2.5 


See Figs. 4,5 
Oto +10 
o to +10' 
V 
(AD565A and AD566A) 
-5 to +5 
-5 to +5 
-10 to +10 
-10 to +10 


External Adjustments 


Gain Error with Fixed son Resistor 
±O.l 
±0.25 
±O.l 
±O.25 


Bipolar Zero Error 
with Fixed son Resistor 
See Figs. 4,5 
±0.05 
±0.15 
±0.05 
±O.l 
0/0 of F.S. 


Gain Adjustment 
Range 
±O.25 
±O.25 
Bipolar Zero Adjustment 
Range 
±O.15 
±O.15 


Reference Input Impedance 
15 
20 
25 
15 
20 
25 
kn 


Reference Output Voltage 


(AD565A Only) 
9.90 
10.00 
10.10 
9.90 
10.00 
10.10 
V 


Reference Output Currenf 


(available for external loads) 
(AD565A Only) 
1.5 
2.5 
1.5 
2.5 
mA 


Power Dlsslpetlon 
(AD565A) 
225 
345 
225 
345 
mW 
AD566A 
180 
300 
180 
300 


Multiplying 
Mode Performance 
(AD566A Only) 


Quadrants 
Two (2): Bipolar Operation at Digital Input Only 


Reference Voltage 
+1V to +1OV,Unipolar 
Accuracy 
10 Bits (±O.05% of Reduced F.S.) for 1V DC Reference 
Reference Feedthrough 
(unipolar 
mode, all bits OFF, and 
Voltage 
1 to +10V [p-p] sinewave frequency 
for 'h LSB [p-p) 


feedthrough) 
40kHz typ 
Output Slew Rate 10%-90% 
SmAIl's 
90%-10% 
1mAil's 
Output 
Settling 
Time 
(all bits on and a 0-10V step change 
in reference voltage) 
1.51's to 0.01% F.S. 


Control Amplifier 
(AD566A) 


Full Power Bandwidth 
300kHz 
Small-Signal 
Closed-Loop 
Bandwidth 
1.8MHz 


Note 1: 
The digital input leveis are guaranteed but not tested over the temperature 
range. 


Note 2: 
The power supply gain sensitivity 
is tested in reference to a Vcc of +15V and VEEof -15V d.c. 


Note 3: 
Sample tested at +25°C to ensure compliance. 


High Speed 12·8it 
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,..-----, 


AD565A 
I 
I 
ONLY I 
I 
I 
I 
I 
II 
I 
I 
L 
..I 


6 
REf IN 


15) 


19.95K 


AMP 
~~:c~::: 
141 


IAD51l6A 
ONlYI 


5 
\3) 
1 
16) 


REf 
V" 
GND 
-15V 


Note 1: Pin #s in parenthesis for AD566A. 


The AD565A and AD566A are 12-bit precision 
DACs 
that consist 
of three 
binary 
weighted 
quad current 
sources with 16:1 interquad 
current dividers (see fig- 
ure 1). Each quad 
has four 
current 
switches 
with 
8-4-2-1 current weighting 
ratios. The current switches 
are optimized 
for 
fast switching 
and 
low 
transient 
glitches 
at the output 
of the DAC during 
input code 
changes. 


Full scale accuracy 
of the DACs are maintained 
over 
temperature 
and time by the DAC control 
amplifier 
that includes 
a current 
switch 
reference 
device that 
implements first order correction for resistor, transistor 
VSE and beta changes 
with temperature 
so that the 
only remaining 
errors are those that are induced 
by 
component 
mismatch. 


The AD565A has a buried zener diode that is used for 
the on chip 10V voltage reference. 
In the feedback of 
the reference 
amplifier 
is a temperature 
compensa- 
tion circuit 
that allows 
reference 
temperature 
coeffi- 
cients as low as 10ppm/oC 
to be achieved. The 10V 
output 
of the voltage 
reference 
is laser trimmed 
to 
within ±10mV. 


INTER· 
QUAD 
DIVIDER 


111 BIPOLAR 
OffSET 
R 
B 
IN 


10k 


(9) 
DAC OUT 
9 


51< 


liD) lDV 


10 SI'llN 
R 


51< 


11I)2tIV 


11 SI'llN 
R 


12 
)12) 


POWER 
GND 


To realize the true performance 
of the AD565A and 
AD566A special attention 
must be taken in the appli- 


cation of the device. 


The 
settling 
time 
of 
the 
DAC 
is specified 
in the 


current output mode. However, most DAC applications 
require a current to voltage conversion. 
The simplest, 


and fastest voltage conversion 
technique 
is achieved 


by connecting 
a low value resistor directly 
between 
the output 
and ground 
(see figure 
2). The settling 
time is a function 
of the cell switching 
and the RC 
time 
constant 
of the AD565A 
and 
AD566A 
output 
capacitance 
(typically 
25pF) plus any stray capaci- 
tance, and the value of the output 
resistor. Settling to 


0.01% ('hLSB) 
of full 
scale for a full 
scale change 
requires 9.1 time constants. The effect of the external 
resistor becomes important when the equivalent resis- 
tance at the output of the DAC is over 1kD 


The wide 
compliance 
voltages 
of the AD565A 
and 
AD566A 
allow 
direct 
current 
to voltage 
conversion 
with just an output 
resistor. Connecting 
the internal 
gain (span) resistors 
(pins 10 and 11) to ground 
and 
the bipolar offset resistor to the internal 10V reference 
on the AD565A and an external 
10V reference for the 
AD566A, 
a bipolar 
output 
voltage 
swing 
of ±1.60V 


R2 


son 
BIPOLAR OFF 


B 


REF IN 


5 


can 
be generated. 
Other 
combinations 
of external 


and the internal resistors can scale the full scale out- 
put current of 0 to -2mA to any voltage as long as this 
voltage 
stays within 
the compliance 
voltage 
of the 


AD565A and AD566A, which 
is typically 
-2V to +10V. 
For example, 
setting 
the Rx = 2.67kO produces 
an 


equivalent 
impedance 
of 1kO giving 
a ±1V output 


voltage swing. 


The output 
voltage 
compliance 
of typically 
-2V 
to 


+10V allows 
the performance 
of the DAC to be un- 


affected 
by changes 
in the output 
terminal 
voltage. 


There is however, an equivalent 
output 
resistance of 


8kO in parallel with 25pF which produces 
an equiva- 


lent current 
error 
when the output 
voltage 
deviates 


from ground. 
This effect is linear and is independent 


of the digital 
input code. Output 
swings outside 
the 


compliance 
range can cause either output stage sat- 


uration or breakdown 
which may result in non-linear 


performance. 
The compliance 
limits are affected only 


by the output current and the negative supply voltage. 
The positive 
supply 
voltage 
has no effect. 
Figure 3 


shows 
the typical 
negative 
compliance 
versus the 


negative supply voltage. 


The current output of the DAC can directly 
drive 500 


and 750 coaxial 
cable. Terminating 
the cable in it's 


characteristic 
impedance 
would 
produce 
a ±50mV 


full scale swing for the 500 and ±75mV for the 750 
cable. The settling times are dominated 
by the internal 


settling of the AD565A and AD566A. 


The high speed current 
steering 
switching 
cell and 


internally 
compensated 
reference 
amplifier 
of 
the 


AD565A and AD566A have been specifically 
designed 


for fast settling. 
The typical 
settling 
time to ±0.01% 


('hLSB) 
for 
the 
major 
carry 
or full 
scale 
change 


(worst 
case 
transition) 
is about 
200ns; 
the 
lower 


order bits all settle in less than 200ns. The maximum 
guaranteed 
settling 
time to 0.01% (±'hLSB) 
for the 


AD565A is 250ns and 350ns for the AD566A. 


High Speed 12·8it 
Monolithic D/A Converters 


If an external 
op-amp 
is used to provide 
low imped- 


ance output drive and high voltage swing, some loss 
in settling 
time will occur 
due to the op-amp's 
own 


settling characteristics. 
In these applications the DAC's 


output capacitance should be compensated 
by a feed- 


back capacitor connected across the amplifier's output 
and inverting input as shown in figures 4 and 5. 


If a low offset amplifier 
such as the MAX400M 
(10/lV 


max.) 
or MAX400C 
(15/lV max.) 
is used, excellent 


performance 
can be obtained 
without 
any trimming. 


Figures 4(a), 4(b), and 4(c) show how to connect the 
AD565A for both unipolar and bipolar voltage outputs. 
The connections 
for the AD566A are shown in figures 


5(a), 
5(b), 
and 5(c). 
The 
preferred 
trimming 
tech- 


niques are shown for both offset and gain adjustments 
if required. 
Substituting 
a fixed 500 resistor in place 


of the 1000 potentiometers, 
the unipolar 
zero offset 


error will be within ±'hLSB 
(plus op-amp offset), and 


full scale accuracy 
will be within 
0.1% (0.25% max.). 


Similarly, the bipolar zero offset error will be typically 
within ±2LSB (0.05%). 


Unipolar configuration zero 


and gain adjustment 


Figures 4(a) and 5(a) show the configurations 
for a 


unipolar 
0 to +10V output. The bipolar 
offset resistor 


is tied 
to ground 
if zero 
offset 
adjustment 
is not 


required. 


Turn all bits OFF and adjust 
potentiometer 
R1 until 


DAC output 
reads O.OOOV(1LSB = 2.44mV). If offset 


adjust is not required tie pin 8 to ground. 


Next, turn all bits ON and adjust gain potentiometer 
R2 until 
DAC output 
reads 
9.9976V 
(full 
scale 
-1 


LSB). If full scale of 10.2400V is required 
(2.5mVlbit) 


then 
insert a 1200 resistor 
between 
op-amp 
output 


and pin 10 (10V span resistor). 


High Speed 12·8it 
Monolithic 
D/A Converters 
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Bipolar configuration offset 


and gain adjustment 


Figures 
4(b) 
and 
5(b) 
show 
how to configure 
the 


DAC to produce 
an output 
from -5.000V 
(all O's) to 


+4.9976V (aIl1's). 


First turn OFF all bits, adjust potentiometer 
R1 to give 


-5.000Voutput. 


Then 
turn 
all bits ON. Adjust 
potentiometer 
R2 to 


give a DAC output of +4.9976V. 


Other voltage ranges 


The AD565A 
and AD566A 
can easily be configured 


for unipolar 0 to +5V range or ±2.5V and ±10V bipolar 
ranges by using the 20V span resistor (pin 11). Con- 
necting 
pin 9 and 
11 together 
a 5V span 
can 
be 


developed 
by connecting 
pin 10 to the output 
of the 


op-amp and the bipolar offset resistor to either ground 
for the unipolar 0 to +5V range or to REF OUT for the 
bipolar ±2.5V range. For the ±10V (20V span) connect 
pin 11 to the op-amp 
output 
and the bipolar 
offset 


resistor to potentiometer 
R1 as shown in figures 4(c) 


and 5(c). 
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Grounding 


The 
AD565A 
and 
AD566A 
have 
two 
ground 
pins, 


Reference 
GND and Power GND. The current 
in the 
power 
ground 
varies with the digital 
input 
code 
and 
should 
be 
connected 
to 
the 
local 
ground, 
digital 
ground 
or power ground. 
The reference 
ground 
is the 
ground 
point 
for the internal 
reference 
amplifier 
and 
should 
be connected 
to the system's 
"high 
quality" 


ground, 
usually called signal or analog 
ground. 


The AD565A 
has an internal 
reference 
whereas 
the 
AD566A 
requires 
an external 
reference. 
The AD565A 
can be used with either 
the internal 
reference 
or an 
external 
reference. 
With 
an external 
10V reference 
there may not be enough 
adjustment 
range to accom- 
modate 
a reference 
that does not match 
the internal 
reference 
voltage. 
The AD566A 
is recommended 
for 
applications 
that 
need to be driven 
with 
an external 


reference. 


The internal 
reference 
of the AD565A 
is a low noise 
buried 
zener 
diode 
that 
is buffered 
by an internal 
amplifier 
whose gain is trimmed 
for absolute 
accuracy 
and 
temperature 
stability. 
The 
performance 
of the 
AD565A 
DAC is tested and specified 
using the internal 
reference. 


Monolithic 
DIA Converters 


In addition, 
the internal 
reference 
of the AD565A 
has 
sufficient 
buffering 
to drive the internal 
DAC (typically 
O.5mA to 
REF 
IN and 
1.0mA 
to 
Bipolar 
Offset, 
if 
used) 
plus 
an additional 
1.5mA for 
driving 
external 
circuits. 
The temperature 
coefficient 
of the reference 
output 
voltage 
is comparable 
to the DAC's full scale 
TC for the particular 
grade of AD565A. 


For the AD566A 
an external 
reference 
is required 
that 
should 
have a low temperature 
coefficient, 
such 
as 
the AD581, 
AD584, 
or precision 
references 
such 
as 
the AD2700 
and AD2710. For the ultimate 
in perform- 
ance use the MAX670 and MAX671, which 
have kelvin 
sense connections 
for both the +10V reference 
output 
and ground 
return. 


PART 
TEMP. RANGE 
PACKAGE' 
ERROR 


ADS66AJN 
O·C to +70·C 
Plastic DIP 
±'hLSB 


ADS66AJD 
O·C to +70·C 
Ceramic 
±'hLSB 


ADS66AJQ 
O·C to +70·C 
CERDIP" 
±'hLSB 


ADS66AJCWG 
O·C to +70·C 
Small Outline 
±'hLSB 


ADS66AKN 
O·C to +70·C 
Plastic DIP 
±'I\LSB 


ADS66AKD 
O·C to +70·C 
Ceramic 
±'I\LSB 


ADS66AKQ 
O·C to +70·C 
CERDIP" 
±'I\LSB 


ADS66AKCWG 
O·C to +70·C 
Small Outline 
±V,LSB 


ADS66ASD 
-SS·C to +12S·C 
Ceramic 
±'hLSB 


ADS66ASQ 
-SS·C to +12S·C 
CERDIP" 
±'hLSB 


ADS66ATD 
-SS·C to +12S·C 
Ceramic 
±'I\LSB 


ADS66ATQ 
-SS·C to +12S·C 
CERDIP" 
±'I\LSB 


• All devices - 
24 lead packages 
•• MAXIM reserves the right to ship Ceramic packages in lieu of 


CERDIP packages. 
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CMOS B·Sit DAC with Output Amplifier 


_______ 
General Description 


The 
AD7224 
is a precision 
voltage-output 
CMOS 
digital-to-analog 
converter 
(DAC) which 
includes 
an 
output 
amplifier 
on chip. Only an external 
reference 
source is required for operation and the fully specified 
accuracy 
is achieved 
with no external 
trims. 


Double 
buffered 
interface 
logic 
is included 
to allow 
simultaneous 
updating 
in systems which have several 
DAC~annelsJ!Lqperation. 
Control 
is provided 
by 
CS, WR, and 
LDAC 
(Load 
DAC) 
inputs. 
A RESET 


input 
is provided 
which 
acts as a zero override. 
All 


logic 
inputs are compatible 
with TTL and 5V CMOS 
logic levels. 


Specified 
Performance 
is guaranteed 
for 
reference 


inputs 
ranging 
from +2V to +12.5V when using dual 
supplies. 
With a +10V reference 
the performance 
is 
also specified 
for single 
supply 
operation. 
The DAC 
output 
can drive +10V into a 2kO load. 
__________ 
Applications 


Automatic 
Calibration 


Motion 
Control 


Digital Attenuators 


Function 
Generators 


cs 
14 
Wii 15 


IliAC 16 
REID 
11 


• 
Voltage Output 


• 
Complete 
DAC with Output 
Amplifier 


• 
Single or Dual Supply 
Operation 


• 
1 LSB Unadjusted 
Error 


• 
Double 
Buffered 
Logic 
Inputs 


PART 
TEMP. RANGE 
PACKAGE- 
ERROR 


AD7224KN 
aoc to +laoC 
Plastic 
DIP 
±2 LSB 


AD7224LN 
aoc to +laoC 
Plastic 
DIP 
±1 LSB 


AD7224C/D 
aoc to +laoC 
Dice 
±2 LSB 


AD7224KCWN 
aoc to +laoC 
Wide SO. 
±2 LSB 


ADl224LCWN 
aoc to +laoC 
Wide S.O 
±1 LSB 


AD7224BO 
-25°C 
to +85°C 
CERDIP" 
±2 LSB 


AD7224CO 
-25°C 
to +85°C 
CERDIP" 
±1 LSB 


AD7224TD 
-55°C 
to +125°C 
Ceramic 
±2 LSB 


AD7224UD 
-55°C 
to +125°C 
Ceramic 
±1 LSB 


AD7224TO 
-55°C 
to +125°C 
CERDIP" 
±2 LSB 


AD7224UO 
-55° C to +125° C CERDIP·· 
±1 LSB 


• 
All 
devices-18 
lead 
packages 
•• 
Maxim 
reserves 
the 
right 
to 
ship 
Ceramic 
packages 
in 
lieu 
of 


CERDIP 
packages. 


Vss 
1 


Your 
2 


VREF 
3 


AGNO 
4 


OGNO 
5 


087 (MS8) 
6 


086 
7 


085 
8 


084 
9 


CMOS 8·Sit DAC with Output Amplifier 


Voo to AGND 
-0.3V, 
+17V 
Voo to DGND 
-0.3V, 
+17V 
AGND 
to DGND 
-0.3V, 
Voo 
Vss to DGND 
-7V, Voo + 0.3V 
Voo to Vss 
-0.3V, 
+24V 
Digital 
Input 
Voltage 
to DGND 
-0.3V, 
Voo 
VREF 
to AGND 
.........................•..... 
-0.3V, 
Voo 
VOUT 
to DGND 
...................•............ 
Vss, Voo 


Power 
Dissipation 
(Any 
Package) 
to +75°C 
450mW 
Derating 
above 
+75° C 
6mW/o C 


Operating 
Temperature 
AD7224K/L 
0° C to +70° C 


AD7224A/B 
-25°C 
to +85°C 
AD7224T/U 
-55°C 
to +125°C 
Storage 
Temperature.................. 
-65°C 
to +160°C 


Lead 
Temperature 
(Soldering 
10 sees) 
+300°C 


The outputs 
may be shorted 
to AGND 
provided 
that the power 
dissipation 
of the package 
is not exceeded. 
Typical 
short 
circuit 


current 
to AGND 
is 25mA. 


Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions above those indicated in the operational sections of the specifications 
is not 
implied. Exposure to absolute maximum ratings conditions for extended periods may affect device reliability. 


ELECTRICAL 
CHARACTERISTICS-AD7224, 
Dual Supply Operation 


(Voo = +11.4V to +16.5V, vss = -5V 
±10%, 
AGND 
= DGND 
= OV, VREF 
= +2V to (Voo - 4V) (Note 
1), Over 
Temperature 
unless 


otherwise 
noted.) 


PARAMETER 
SYMBOL 
TEST 
CONDITIONS 
I 
MIN 
TYP 
MAX 
UNITS 


STATIC 
PERFORMANCE 


Resolution 
8 
Bits 


Total 
Unadjusted 
Error 
VREF = +10V 
I AD7224L/C/U 
±1 
LSB 
Voo ~ +15V ± 5% 
AD7224K/BIT 
±2 


Relative 
Accuracy 
AD7224L/C/U 
±'h 
LSB 
AD7224K/BIT 
±1 


Differential 
Nonlinearity 
Guaranteed 
Monotonic 
±1 
LSB 


Full Scale 
Error 
AD7224L/C/U 
±1 
LSB 
AD7224K/BIT 
±1'h 


Full Scale 
Temperature 
VREF = +10V 
±5 
ppm/oC 
Coefficient 


Zero 
Code 
Error 
AD7224L/C/U 
±20 
mV 
AD7224K/BIT 
±30 


Zero 
Code 
Temperature 
AD7224L/C/U 
±30 
IN/oC 
Coefficient 
AD7224K/BIT 
±50 


REFERENCE 
INPUT 


Reference 
Input 
Voltage 
Range 
VREF 
2 
Voo - 4 
V 


Reference 
Input 
Resistance 
VREF 
8 
kO 


Reference 
Input 
Capacitance 
CREF 
DAC at full 
scale code. 
100 
pF 
(Code 
Dependent, 
Note 
2) 


DIGITAL 
INPUTS 


Digital 
Input 
High 
Voltage 
V1NH 
2.4 
V 


Digital 
Input 
Low 
Voltage 
V1NL 
0.8 
V 


Digital 
Input 
Leakage 
Current 
V1N = OV or Voo 
±1 
IJA 


Digital 
Input 
Capacitance 
8 
pF 
(Note 
2) 


CMOS 8·Bit DAC with Output Amplifier 


ELECTRICAL 
CHARACTERISTICS-AD7224, 
Dual Supply Operation (Continued) 
~ 


(Voo = +11.4V to +16.5V, Vss = -5V 
±10%, 
AGND 
= DGND 
= OV, VREF = +2V to (V DO 
- 4V) 
(Note 
1), Over 
Temperature 
unless 
•••• 
otherwise 
noted.) 
V 


~ 


PARAMETER 
SYMBOL 
TEST 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


DYNAMIC 
PERFORMANCE 


Voltage 
Output 
Slew 
Rate 
2.5 
10 
V//iS 
(Note 
2) 


Voltage 
Output 
Settling 
Time 
To 1/2 LSB, VREF= +10V 
2 
5 
/is 
(Note 
5) 


Digital 
Feedthrough 
All 0'5 to all 1'5 code 
change, 
50 
nV-s 
(Notes 
3, 4) 
VREF= OV 


Output 
Load 
Resistance 
VOUT = +10V 
2 
kO 


POWER 
SUPPLIES 


Voo Range 
For Specified 
Performance 
+11.4 
+16.5 
V 


Vss Range 
For Specified 
Performance 
-4.5 
-5.5 
V 


Positive 
Supply 
Current 
100 
Outputs 
unloaded, 
TA = 25°C 
4 
mA 
at V'NLN'NH 
Over Temp 
6 


Negative 
Supply 
Current 
Iss 
Outputs 
unloaded, 
TA = 25°C 
3 
mA 
at V'NLIV'NH 
Over Temp 
5 


SWITCHING 
CHARACTERISTICS 
(Note 
2) 


Chip 
Select 
to Write 
Setup 
Time 
tcs 
0 
ns 


Load 
DAC to Write 
Setup 
Time 
tLS 
0 
ns 


Chip 
select 
to Write 
Hold 
Time 
tCH 
0 
ns 


Load 
DAC to Write 
Setup 
Time 
tLH 
0 
ns 


Data Valid to Write 
Setup 
Time 
tos 


TA = 25°C 
90 
Over Temp 
100 
ns 


Data Valid to Write 
Hold 
Time 
tDH 
10 
ns 


Write 
Pulse Width 
tWR 
TA = 25°C 
150 
ns 
Over Temp 
200 


Chip 
Select 
Pulse Width 
tcw 
TA = 25°C 
150 
Over Temp 
200 
ns 


Reset Pulse 
Width 
tRS 
TA = 25°C 
150 
Over Temp 
200 
ns 


Load 
DAC (LDAC) 
Pulse Width 
tLO 
TA = 25°C 
150 
Over Temp 
200 
ns 


Note 
1: 
Maximum 
possible 
reference 
voltage. 


Note 2: 
Sample 
tested 
at 25°C 
to ensure 
compliance. 


Note 3: 
Guaranteed, 
but 
not 
100% production 
tested. 


Note 4: 
Feedthrough 
is reduced 
by connecting 
the metal 
lid on the ceramic 
package 
(suffix 
OJ to DGND. 


Note 5: 
Positive 
or negative 
full 
scale change. 


ELECTRICAL 
CHARACTERISTICS-AD7224, 
Single Supply Operation 


(Voo = +15V ± 5%, Vss = AGND 
= DGND 
= OV, VREF= +10V (Note 
1), Over Temperature 
unless 
otherwise 
stated.) 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


STATIC 
PERFORMANCE 


Resolution 
8 
Bits 


Total 
Unadjusted 
Error 
±2 
LSB 


Differential 
Nonlinearity 
Guaranteed 
Monotonic 
±1 
LSB 


REFERENCE 
INPUT 


Reference 
Input 
Resistance 
RREF 
8 
kCl 


Reference 
Input 
Capacitance 
CREF 
DAC 
at full 
scale 
code 
100 
pF 
(Code 
Dependent)(Note 
2) 


DIGITAL 
INPUTS 


Digital 
Input 
High 
Voltage 
V1NH 
2.4 
V 


Digital 
Input 
Low 
Voltage 
V1NL 
0.8 
V 


Digital 
Input 
Leakage 
Current 
V1N= OV to Voo 
±1 
p.A 


Digital 
Input 
Capacitance 
8 
pF 
(Note 
2) 


DYNAMIC 
PERFORMANCE 


Voltage 
Output 
Slew 
Rate 
2.5 
10 
Vlp.s 
(Note 
2) 


Output 
Settling 
Time 
I Positive 
FS Chg 
2 
5 


(Note 
2) 
To 1/2 LSB, 
Negative 
FS Chg 
3 
8 
p.s 


Digital 
Feedthrough 
All O's to all 1's code 
change 
50 
nV-s 
(Notes 
3, 4) 
VREF = OV 


Output 
Load 
Resistance 
VOUT = +10V 
2 
kCl 


POWER 
SUPPLIES 


Voo Range 
For Specified 
Performance 
+14.25 
+15.75 
V 


Positive 
Supply 
Current 
'DO 
Outputs 
unloaded, 
I 
TA = 25°C 
4 
mA 
at VINLNINH 
Over Temp 
6 


SWITCHING 
CHARACTERISTICS 
(Note 
2) 


Chip 
Select 
to Write 
Setup 
Time 
lcs 
0 
ns 


Load 
DAC to Write 
Setup 
Time 
tLS 
0 
ns 


Chip 
select 
to Write 
Hold 
Time 
tCH 
0 
ns 


Load 
DAC to Write 
Setup 
Time 
tLH 
0 
ns 


Data Valid to Write 
Setup 
Time 
tos 
TA = 25°C 
90 
Over Temp 
100 
ns 


Data Valid to Write 
Hold 
Time 
tOH 
10 
ns 


Write 
Pulse Width 
tWR 
TA = 25°C 
150 
Over Temp 
200 
ns 


Chip 
Select 
Pulse Width 
tcw 
TA = 25°C 
150 
Over Temp 
200 
ns 


Reset Pulse Width 
tRS 
TA = 25°C 
150 
Over Temp 
200 
ns 


Load 
DAC (LDAC) 
Pulse Width 
tLD 
TA = 25°C 
150 
Over Temp 
200 
ns 


Note 
1: 
Maximum 
possible 
reference 
voltage. 


Note 2: 
Sample 
tested 
at 25°C 
to ensure 
compliance. 


Note 3: 
Guaranteed, 
but not 
100% production 
tested. 


Note 
4: 
Feedthrough 
is reduced 
by connecting 
the metal 
lid on the ceramic 
package 
(suffiX 
D) to DGND. 
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_______ 
Detailed Description 


D/A Section 


The AD7224 contains 
an 8-bit digital-to-analog 
con- 
verter that operates 
in the voltage output 
mode. The 
output 
voltage is of the same polarity 
as the external 
reference 
voltage thus allowing 
single supply 
opera- 
tion. A DAC switch 
pair arrangement 
on the AD7224 
allows a reference 
voltage 
range from +2V to +12.5V. 


The DAC consists 
of a stable thin-film 
resistor 
R-2R 
ladder 
and 
eight 
NMOS 
single 
pole, 
double-throw 
switches. 
A simplified 
circuit 
diagram 
is shown 
in 
Figure 1. 


R 
R 
m; 


R 
2R]2R 
DBO 
DBS 


VREF 


AGND 


The input impedance 
at the VRl=Fpin is code depen- 
dent 
and varies from 
8kCl minimum 
to infinity. 
The 
lowest 
input 
impedance 
occurs 
when 
the 
DAC 
is 
loaded with the digital 
code 01010101.Therefore, 
it is 
important that the reference presents a low impedance 
under changing 
load conditions. 
Capacitance 
at the 
reference terminal is also code dependent and typically 
varies from 25pF to 50pF. 


The 
VOUT 
pin 
can 
be 
considered 
as 
a digitally- 
programmable 
voltage source with the output defined 
by: 


VOUT 
= 0 . VREF 
where 0 is a fractional 
representation 
of the digital 


input code and can vary from 0 to 255/256. 


Output BuHer Amplifier 


The DAC's lioltage 
output 
is buffered 
by a unity-gain 
CMOS 
voltage 
follower 
that 
slews 
at greater 
than 
2.5V1Jls. 
This 
amplifier 
is capable 
of driving 
a 2kCl 
load to +10V. When driving a 2kClIoad 
in parallel with 
100pF with full-scale 
transitions 
(OV to +10V or +10V 
to OV), the output 
settles to 1I2LSB in less than 5JiS. 


Typical dynamic 
response and settling performance 
of 
the AD7224 is shown 
in Figures 2 through 
7. 


The AD7224 can be operated single or dual supply. In 
single 
supply 
operation, 
Maxim's 
AD7224 
can sink 
and source 
up to 5mA. 
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CMOS 8·8it DAC with Output Amplifier 


A simplified 
circuit 
diagram 
of the output 
buffer 
is 


shown is Figure 8. Input common-mode 
range to VSs 


is provided 
by a PMOS input structure. 
The improved 


output circuitry 
incorporates a Maxim proprietary 
pull- 


down circuit 
to actively drive VOUT to within typically 
+15mV of the negative supply (Vss). Maxim's improved 
buffer circuitry 
allows the output 
to sink and source 


up to 
5mA. 
This 
is especially 
important 
in single 


supply applications, 
where Vss is connected 
to GND, 


so that zero error is kept at or under 1/2LSB (VREF 
= 
+10V). A plot 
of output 
sink current 
versus output 


voltage 
is shown 
in the Typical 
Operating 
Charac- 


teristics 
section. 


NMOS 
ACTIVE 
PULl·DOWN 
CIRCUIT 


NPN 
EMITTER 
FOLLOWER PULl·UP 
FROM 
PMOS 
INVER::~~ 


OUTPUT 
INPUTS 


Digital Inpub and Interlace Logic 


The digital 
inputs are compatible 
with both TTL and 


5V CMOS 
logic. 
Power supply 
current, 
100 and Iss, 


are specified for TTL input levels. The supply currents 
are somewhat dependent 
on input logic level and are 
highest when the AD7224 is driven from TTL, however, 
they 
can be significantly 
reduced 
if the inputs 
are 


driven as close to +5V as possible. 


Table 1 shows the truth 
table for AD7224 operation. 


The part contains 
two r~ters, 
an input register and 


a DAC register. CS and WR control 
the loading of the 


input register while LDAC and WR control the transfer 
of information 
from 
the input 
to the 
DAC register. 


Only the data held in the DAC register will determine 
the converter's 
analog output. 


All control 
signals 
are level-triggered 
and therefore 


either or both registers mID'-be made transparent; 
the 


input register by kee~CS 
and WR "LOW," the DAC 
register by ~ing 
LDAC and WR "LOW." The rising 


edge of the WR input latches input data. 


The contents of both registers are reset by a low level 
on the RESET line. With both registers transparent, 
the RESET line overrides 
input data for the duration 


of the RESET pulse. If both registers are latched, a 
"LOW" pulse on the RESET will latch all D's into the 
registers, 
with 
the output 
remainin~after 
the 


reset pulse has been removed. The RESET line can 
be used to force OVon the output at power-up, 
and is 


also useful 
as a zero override 
in system calibration 


cycles. Figure 9 shows the input control 
logic for the 


AD7224. 


/1oI'1/J X 1/101'1 


RESET 
LDAC 
WR 
CS 
Function 


H 
L 
L 
L 
Both 
Registers 
are 
Transparent 


H 
X 
H 
X 
Both 
Registers 
are Latched 


H 
H 
X 
H 
Both 
Registers 
are Latched 


H 
H 
L 
L 
Input 
Register 
Transparent 


H 
H 
.I 
L 
Input 
Register 
Latched 


H 
L 
L 
H 
DAC Register 
Transparent 


H 
L 
.I 
H 
DAC Register 
Latched 


L 
X 
X 
X 
Both 
Registers 
Loaded 
with 
all Zeros 


H 
H 
H 
Both 
Registers 
Latched 
.I 
with 
all Zeros 
and 
Output 


Remains 
at Zero 


L 
L 
L 
Both 
Registers 
are 
.I 
Transparent 
and 
Output 
Follows 
Input 
Data 


~1;,.:t 
tcs 
tCH 


tWR 


DATA 
IN 


NOTES 
1. 
ALL 
INPUT 
SIGNAL 
RISE AND 
FALL 
TIMES 
MEASURED 
FROM 


10% 
TO 90% 
of +5V t, = " 
= 20n5 
OVER Voo 
RANGE 


2. 
TIMING 
MEASUREMENT 
REFERENCE 
LEVEL 
IS 
~ 
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_____ 
Applications 
Information 
Power Supply and Reference 
Operating Range. 


The AD7224 
is fully 
specified 
to operate 
with 
Voo 
between +12V ± 5% and +15V ± 10% (+11.4V to +16.5V), 
and with Vss from OVto -5.5V. Eight bit performance 
is 
also guaranteed for single supply operation 
(Vss = OV), 
however zero code error is reduced 
when Vss is -5V 
(see Output 
Buffer Amplifier 
section). 


For adequate 
DAC and buffer 
operating 
range, the 
VREFvoltage 
must always be at least 4V below Voo. 


The AD7224 is specified 
to operate 
with a reference 
input range of +2V to Voo - 4V. 


Ground "anagement 


Digital 
or AC transient 
signals 
between 
AGND 
and 
DGND 
will create 
noise at the analog 
outputs. 
It is 
recommended 
that AGND and DGND be tied together 
at the DAC and that this point be tied to the highest 
quality 
ground 
that 
is available. 
If separate 
ground 
busses are used, then two clamp 
diodes 
(1N914 or 
equivalent) 
should be connected 
between AGND and 
DGND 
to keep the two 
ground 
busses 
within 
one 
diode 
drop 
of each other. To avoid parasitic 
device 
turn-on, 
AGND 
must 
not 
be allowed 
to 
be 
more 
negative than DGND. DGND should be used as supply 
ground 
for bypassing 
purposes. 


Careful 
PCB 
ground 
layout 
techniques 
should 
be 
used to minimize 
crosstalk 
between the DAC output, 
the 
reference 
input, 
and the digital 
inputs. 
This 
is 
particularly 
important 
if the reference 
is driven from 
an AC source. 


Unipolar Output 


In unipolar 
operation, 
the 
output 
voltage 
and 
the 
reference 
input 
are the same polarity. 
The unipolar 
circuit 
configuration 
is shown 
in Figure 
11. A slight 
increase 
in zero error 
occurs 
when 
the AD7224 
is 
operated 
from 
a single 
supply 
(see Output 
Buffer 
Amplifier 
section). 
To avoid parasitic 
device turn-on, 
the 
voltage 
at VR.EFmust 
always 
be 
positive 
with 
respect to DGND. The unipolar 
code table is given in 
Table 2. 


13 
cs 
14 


WR 
15 
••.•• 
lfIA X , ••.•• 
va 


LDAC 
16 
A 07224 


RESET 
17 


DAC CONTENTS 


MSB 
LSB 
ANALOG 
OUTPUT 


( 255 
) 
1 
1 
1 
1 
1 
1 
1 
1 
+VREF 
256 


( 129 ) 
1 
000 
000 
1 
+VREF 
256 


1 
0 
0 
0 
0 
0 
0 
0 
(128) 
~ 
+VREF 
256 
= + 
2 


( 127 ) 
0 
1 
1 
1 
1 
1 
1 
1 
+VREF 
256 


0 
0 
0 
0 
0 
0 
0 
1 
+VREF 
( 
2~6) 


o 
0 
0 
0 
o 
0 
0 
0 
OV 


Bipolar Output 


The DAC output may be configured 
for bipolar opera- 
tion using the circuit 
in Figure 12. Only one op-amp 
and two resistors are required. 
With R1 = R2: 


VOUT = VREF. (2D - 1) 


where 
D is a fractional 
representation 
of the digital 


word in the DAC regiser. 


Table 3 shows the digital 
code versus output 
voltage 
for the circuit 
in Figure 12. 
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DAC CONTENTS 
MSB 
LSB 
ANALOG OUTPUT 


( 127 ) 
1 
1 
1 
1 
1 
1 
1 
1 
+VREF 
128 


1 
000 
0 
0 o 
1 
+V 
(_1) 
REF 
128 


1 
000 
o 
0 
0 
0 
OV 


0 
1 
1 
1 
1 
1 
1 
1 
-VREF 
( 1~8 ) 


( 127 ) 
0 
0 
0 
0 
0 
0 o 
1 
-VREF 
128 


( 128 ) 
o 
0 
0 
0 
0 
0 o 
0 
-VREF 
128 
= -VREF 


Offsetting 
AGND 


AGND 
can 
be 
biased 
above 
DGND 
to 
provide 
an 


arbitrary 
non-zero 
output 
voltage 
for 
a "zero" 
input 


code. This is shown 
in Figure 13. The output 
voltage at 


VOUT 
is: 


VOUT 
= VS1AS + (D . VIN) 


where 
D is a fractional 
representation 
of the digital 


input 
word 
and 
can 
vary 
from 
0 to 255/256. 
For a 


given 
"iN. increasing 
AGND 
above 
system 
GND will 


reduce 
the effective 
VOO-VREFwhich 
must be at least 


4V to ensure 
specified 
operation. 
Note that 
V..D.Qand 


Vss for the AD7224 
must be referenced 
to DGND. 


Using an AC Reterence 


In applications 
where VRt=Fhas AC signal components, 


the AD7224 has multiplying 
capability 
within 
the limits 


of the VREFinput range specifications. 
Figure 
14 shows 


a technique 
for 
applying 
a sinewave 
signal 
to 
the 


reference 
input 
where 
the 
AC 
signal 
is biased 
up 


before 
being 
applied 
to 
VREF. Output 
distortion 
is 


typically 
less than 0.1% with 
input 
frequencies 
up to 


50kHz, 
and 
the 
typical 
-3dB 
frequency 
is 700kHz. 


Note 
that 
VREF must 
never 
be more 
negative 
than 


AGND. 


REFEAR~RCE--l 
IRPur 


•• vf\....; 


~v 


Generating 
V55 


The performance 
of the AD7224 
is specified 
for both 


dual 
and 
single 
supply 
(Vss = OV) operation. 
When 


the improved 
performance 
of dual supply 
operation 
is 


desired, 
but only 
a single 
supply 
is available, 
a -5V 


Vss supply 
can be generated 
using an ICL7660 
in one 


of the circuits 
of Figure 
15. 


N1AXINI 
ICL7660 
Vour 


GND 


'5V 
LOGIC 
SUPPLY 
-5V 


Vss OUT 
{IO"F 
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A15 


AO 


6809 
6502 


RiW 


DATA BUS 


LINEAR 
CIRCUITRY 
OMITTED 
FOR CLARITY 


cs 


LDAC 
-LI'I 
A X 1.Nt 
WR 


DTACK 
AD7224 
DB7 


DBO 


DATA BUS 


LINEAR 
CIRCUITRY 
OMITTED 
FOR CLARITY 


VREF 
WR 
r 
N 
CS 
"0 
CD:.. 
....•~ 


AGND 
3 ....• 
,!' 


DGND 
DBO(LSB) 
j 


DBl 


DB7 
(MSB) 


Figure 
18. AD7224 
to Z-80 
Interface 


Maxim cannot assume responsibility 
for use of any circuitry other than circuitry entirely embodied in a Maxim product. No circuit patent licenses are implied. 


Maxim reserves the right to change the circuitry 
and specifications 
without notice at any time. 
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_______ 
General Description 


Maxim's 
AD7225 
and AD7226 each contain 
four a-bit 
voltage 
output 
digital-to-analog 
converters 
(DACs). 
They 
include 
output 
buffer 
amplifiers 
and input 
logic 
for simple 
microprocessor 
and TTUCMOS 
interfaces. 


a-bit 
performance 
is achieved 
over the full operating 
temperature 
range without 
external 
trimming. 


The 
AD7225 
contains 
double-buffered 
logic 
inputs 
which 
allow 
all analog 
outputs 
to be simultaneously 
updated 
using one control 
signal. There are also four 
separate 
reference 
inputs 
so that the range 
of each 
DAC can be independently 
set. 


The AD7226 has separate input registers for each of its 
four 
DACs. Data is transferred 
into an input 
register 
from 
a common 
a-bit 
TTL/CMOS 
compatible 
input 
port. Address 
inputs AO and A1 determine 
which 
DAC 
is 
loaded 
when 
WR 
goes 
low. 
All 
DACs 
share 
a 
common 
reference 
input. 


__________ 
Applications 


Minimum 
Component 
Count Analog 
Systems 


Digital 
Offset/Gain 
Adjustment 


Industrial 
Process Control 


Arbitrary 
Function 
Generators 


Automatic 
Test Equipment 


Microprocessor 
Controlled 
Calibration 


• 
Buffered Voltage Output 


• 
Double-Buffered 
Inputs (AD7225) 


• 
Microprocessor and TTLiCMOS 
Compatible 


• 
Operates from Single or Dual Supplies 


• 
Requires No External Adjustments 
______ 
Ordering Information 


PART 
TEMP. RANGE 
PACKAGE· 
ERROR 


AD7225KN 
QOCto +7QoC 
Plastic DIP 
±2 LSB 
AD7225KCWG 
QOCto +7QoC 
Small Outline 
±2 LSB 
AD7225LN 
QOCto +7QoC 
Plastic DIP 
±1 LSB 
AD7225LCWG 
QOCto +7QoC 
Small Outline 
±1 LSB 
AD7225KC/D 
QOCto +7QoC 
Dice 
±2 LSB 
AD7225BQ 
-25°C to +65°C 
CERDIP 
±2 LSB 
AD7225CQ 
-25°C to +65°C 
CERDIP 
±1 LSB 
AD7225TQ 
-55°C to +125°C 
CERDIP 
±2 LSB 
AD7225UQ 
-55°C to +125°C 
CERDIP 
±1 LSB 


AD7226KN 
QOCto +7QoC 
Plastic DIP 
±2 LSB 
AD7226KCWP 
QOCto +7QoC 
Small Outline 
±2 LSB 
AD7226KC/D 
QOCto +7QoC 
Dice 
±2 LSB 
AD7226BQ 
-25°C to +65°C 
CERDIP" 
±2 LSB 
AD7226TD 
-55°C to +125°C 
Ceramic 
±2 LSB 
AD7226TQ 
-55°C to +125°C 
CERDIP" 
±2 LSB 


• AD7225 - 
24 lead package, AD7226 - 
2Q lead package . 
•• Maxim reserves the right to ship Ceramic packages in lieu of 
CERDIP packages 
________________ 
Functional 
Block Diagram 
(AD7225) 


VREFA . VREFB VREFC 
VREFD 
Voe 


21 


VourB 


0871MS81 
TO 080 ILS81. 
PINS 9 TO 18 


24 
VOUlC 


23 
VourD 


Wii 
17 


AD 
19 


AI 
18 


Ell 


Voo to AGND 
-0.3V. +17V 
Voo to DGND 
.......•..•.........•..•............ 
-0.3V. +17V 
VSS to AGND 
.......•..•.........•..•.............. 
-7V, VOO 
VSS to DGND 
....................•..•.............. 
-7V, VOO 
Voo to VSS .......................•..•......•..... 
-0.3V, +24V 
Digital Input Voltage to DGND 
.......•..•.......... 
-0.3V, Voo 
VREFto AGND 
...................•..•...•......... 
-0.3V, Voo 


VOUT to AGND (Note 1) 
Vss•Voo 


Power Dissipation 
(Any Package) to +75°C ....•..•.... 
500mW 


Derating above +75°C 
2mWrC 


Operating 
Temperature 
Commercial 
(AD722XKlL) 
...........•........ 
O°C to +70°C 
Industrial 
(AD722XB/C) 
......•..•.......... 
-25°C to +85°C 


Military (AD722XT/U) 
-55°C to +125°C 


Storage Temperature 
-65°C to +3OO°C 


Lead Temperature (Soldering 
10 sees) 
+3OO°C 


Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. These are stress ratings only and functional 
operation of the device at these or any other conditions above those indicated in the"operational sections of the specifications is not implied. Exposure to 
absolute maximum rating conditions for extended periods may affect device reliability. 


ELECTRICAL CHARACTERISTICS 
Dual Supply Specifications 
(Voo = +11.4V to +16.5V. Vss = -5V 
±100f0, AGND 
= DGND 
= OV. VREF= +2V to (Voo - 4Vj, 


Over Temperature 
unless 
otherwise 
noted.) 


PARAMETER 
SYMBOL 
CONDITIONS 
T 
MIN. 
TYP. 
MAX. 
UNITS 


STATIC PERFORMANCE 


Resolution 
8 
Bits 


Total Unadjusted 
Error 
Voo = +15V±5% IAD7225LN/CQlUQ 
±1 
LSB 
VREF= +10V 
All other devices 
±2 


Relative Accuracy 
AD7225LN/CQlUQ 
±'h 
LSB 
All Other Devices 
±1 


Differential 
Nonlinearity 
Guaranteed 
Monotonic 
±1 
LSB 


AD7225LN/CQlUQ 
±'h 


Full Scale Error 
AD7225KN/BQlTQ 
±1 
LSB 
All other devices 
±1'h 


Full Scale Temperature Coefficient 
VREF= +10V 
±5 
ppmrC 


AD7225LN/CQ/UQ, 
TA = +25°C 
±15 


Zero Code Error 
Over Temp. 
±20 
mV 
AD7225KN/BQ/TQ. 
TA = +25°C 
±20 


All other devices, Over Temp. 
±30 


Zero Code Temperature Coefficient 
±30 
p'vrc 


REFERENCE INPUT 


Reference Input Voltage Range 
VREF 
2 
Voo - 4 
V 


Reference Input Resistance 
RREF 
AD7225 
11 
kO 
AD7226 
2 


Reference Input Capacitance 
CREF 
AD7225 
100 
pF 
(Code Dependent. Note 3) 
AD7226 
65 
300 


Channel-to-Channel 
Isolation 
VREF= 10kHz, 10Vp_p (Note 2) 
-60 
dB 


AC Feedthrough 
VREF= 10kHz, 10Vp-p (Note 2. 4) 
-70 
dB 


DIGITAL INPUTS 


Digital Input High Voltage 
V1NH 
2.4 
V 


Digital Input Low Voltage 
V1NL 
0.8 
V 


Digital Input Leakage Current 
VIN = OV or Voo 
±1 
p.A 


Digital Input Capacitance 
(Note 2) 
8 
pF 


DYNAMIC PERFORMANCE 


Voltage Output Slew Rate 
(Note 2) 
3 
Vlp.s 


Voltage Output Settling Time 
to 'hLSB, VREF= +10V, 
4 
p'S 
(Pos. or Neg. Full Scale Change) 
2kO and 100pF Load (Note 2) 


Digital Feedthrough 
and Crosstalk 
All O'sto 1's code change (Note 4) 
50 
nV-s 


Output Load Resistance 
VOUT = +10V 
2 
kO 


Note 2: 
Note 3: 
Note 4: 


The outputs 
may be shorted to AGND provided that the power dissipation 
of the package is not exceeded. Typical short circuit 


current to AGND is 25mA. 
Sample tested at +25°C to ensure compliance. 
Guaranteed 
by design. Not production 
tested. 


Feedthrough 
is reduced by connecting 
the metal lid on the ceramic package (suffix D) to DGND. (AD7226 only) 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN. 
TYP. 
MAX. 
I UNITS 


POWER SUPPLIES 


Voo Range 
For Specified Performance 
+11.4 
+16.5 
V 


Positive Supply Current 
AD7225KN/BQ/LN/CQ 
10 


100 
AD7225TQ/UQ 
12 
mA 
(Outputs 
Unloaded) 
AD7226 
13 


Negative Supply Current 
AD7225KN/BQ/LN/CQ 
-9 


Iss 
AD7225TQ/UQ 
-10 
mA 
(Outputs 
Unloaded) 
AD7226 
-11 


SWITCHING 
CHARACTERISTICS 
(Note 2) 


Address to Write Setup Time 
tAS 
Over Temp. 
0 
ns 


Address to Write Hold Time 
tAH 
Over Temp. AD7225 
0 
ns 
AD7226 
10 


AD7225, TA = +25°C 
70 


Data Valid to Write Setup Time 
tos 
Over Temp. 
90 


AD7226, TA = +25°C 
90 
ns 


Over Temp. 
100 


Data Valid to Write Hold Time 
tOH 
Over Temp. 
10 
ns 


AD7225, TA = +25°C 
95 


AD7225KN/BQ/LN/CQ, 
Over Temp. 
120 


Write Pulse Width 
tWA 
AD7225TQ/UQ, 
Over Temp. 
150 
ns 


AD7226. TA = +25°C 
150 
Over Temp. 
200 


-- 
AD7225. TA = +25°C 
95 
Load DAC (LDAC) Pulse Width 
tLe 
AD7225KN/BQ/LN/CQ, 
Over Temp. 
120 
ns 
(AD7225 Only) 
AD7225TQ/UQ, 
Over Temp. 
150 


ELECTRICAL CHARACTERISTICS 
Single Supply Specifications 


(Voo = +15V ± 5%, Vss = AGND 
= DGND 
= OV. VREF= +10V, Over Temperature 
unless 
otherwise 
stated.) 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN. 
TYP. 
MAX. 
I UNITS 


STATIC PERFORMANCE 


Resolution 
8 
Bits 


Total Unadjusted 
Error 
AD7225LN/CQ/UQ 
±1 
LSB 
All other devices 
±2 


Differential 
Nonlinearity 
Guaranteed Monotonic 
±1 
LSB 


REFERENCE INPUT 


Reference Input Voltage Range 
VAEF 
2 
Voo-4 
V 


Reference Input Resistance 
RAEF 
AD7225 
11 
kn 
AD7226 
2 


Reference Input Capacitance 
CAEF 
AD7225 
100 
pF 
(Code Dependent, Note 3) 
AD7226 
65 
300 


Channel-to-Channel 
Isolation 
VAEF = 10kHz, 10Vp•p (Note 2) 
-60 
dB 


AC Feedthrough 
VAEF = 10kHz, 10Vp_p (Note 2, 4) 
-70 
dB 


DIGITAL INPUTS - 
All Specifications 
Are The Same as For Dual Supply Operation 


DYNAMIC PERFORMANCE 
- 
All Specifications 
Are The Same as For Dual Supply Operation 


POWER SUPPLIES 


Voo Range 
For Specified 
Performance 
+14.25 
+15.75 
V 


Positive Supply Current 
AD7225KN/BQ/LN/CQ 
10 


Output Unloaded 
100 
AD7225TQ/UQ 
12 
mA 
AD7226 
13 


SWITCHING 
CHARACTERISTICS 
- 
All Specifications 
Are The Same as For Dual Supply Operation 


VREF 
v" 
VourB 
1 


VourA 
2 


VSS 
3 


VmB 
4 


VmA 
5 


VOUTA 
AGND 
6 


DGND 
7 


LDAC 
8 


VOUTB 
(MSB)DB7 
9 


DB6 ,. 


DB5 
11 


20 
DB4 
12 


VOUTC 


oB71MSBI 
TO oBo [LSBI. 
PINS 7 TO 14 


15 
Wli 
17 


VOUTB 
1 


VourA 
2 


VSS 
3 


VREF 
4 


AGND 
5 


DGND 
6 


(MSB) DB7 
7 


DB6 
8 


DB5 
9 


DB4 ,. 


RELATIVE 
ACCURACY 
YS. VREF 


+1 
+.50 
TA= 25"&. Vss = -5V 


EO 
=- +.50 
~ 
: 
~ 
+.25 
> 
" 
~ 
ii 
!il 
i 
~ 
c 
~ 
~ -.50 
it -.25 
is 
V•• = 5V 


-1 
-.50 


10 
12 
14 


V",IVI 


OUTPUT SINK CURRENT 
POWER SUPPLY CURRENT 
ZERO-CODE ERROR 
~ 
vs. VOUT 
vs. TEMPERATURE 
vs. TEMPERATURE 


16 
12 
2D 
tJ 
, 
Vsa=-6V 


14 
10 
1~ 
Vfl1JTA 
tj 


.--RO "'2000 


12 
I 
ID 
I 
:c 
6 
! 
IVI$ =-6VI 
= 


oS 
= 
O~ 
Vour a 
10 
~ 
0 
1 
4 
= 
~ 
Q 
0.0 
~ 
2 
8 
~ 
i 
g -0.5 
0 
I:: 
tJ 
-2 
-ID 
tj 
11$ 
-4 
-I~ 


-6 
-2D 
~ 


4 
6 
10 
-66 
-40 
-20 
0 
20 
40 
60 
80 
100 
126 
-66 
-40 
-20 
0 
20 
40 
60 
60 
100 
126 
0) 


Vau! IVI 
TEMPERATURE I"CI 
TEMPERATURE lOCI 


-------Detailed 
Description 


The AD7225 
and AD7226 
have four 
matched 
voltage 
output digital-to-analog 
converters 
(DACs). The DAC's 
are "inverted" 
R-2R ladder networks 
which 
convert 
8 
bit digital 
words 
into equivalent 
analog 
output 
volt- 
ages in proportion 
to the applied 
reference 
voltage(s). 


Each 
DAC in the AD7225 
has a separate 
reference 
input whereas 
in the AD7226, all reference 
inputs are 
tied together. 
A simplified 
circuit 
diagram 
of one of 
the four DACs is provided 
in Figure 1. 


VREFlnput 


The voltage 
at VREFsets the full-scale 
output 
of the 
DAC. The input impedance 
of the VREFinput(s) 
is code 
dependent. 
The lowest value, approximately 
11kO for 


the AD7225 and 2kO for the AD7226, occurs 
when the 


input code is 01010101. The maximum 
value is infinity, 


which 
occurs 
when 
the 
input 
code 
is 
00000000. 


Because the input resistance at VREFis code dependent, 
the 
DAC's 
reference 
sources 
must 
have an output 
impedance 
of no more than 200 for the AD7225 and 40 


for the AD7226, to maintain 
output 
linearity. 
The input 


capacitance 
at 
VREF is also 
code 
dependent 
and 
typically 
varies from 15pF to 35pF for the AD7225 and 
100pF to 250pF for the AD7226. 


VouTA, 
B, C, or 0 can be represented 
by a digitally 
programmable 
voltage source as: 


VOUT= NB x VREF/256, 


where NB is the numeric value of the DAC's binary input 
code. 


OuputBu"erAmplifiers 


All AD7225/26 
voltage outputs 
are internally 
buffered 
by precision 
unity gain followers 
which slew at greater 
than 3V1p,s. When driving 
2kO in parallel 
with 100pF 
with full scale transitions 
(OV to +10V or +10V to OV), 


the output 
settles 
to ±1/2LSB 
in less than 4p,s. The 
buffers 
will also drive 2kO in parallel 
with 
3500pf 
to 
10V levels 
without 
oscillation. 
Typical 
dynamic 
re- 
sponse 
and settling 
performance 
of the AD7225 
and 
AD7226 is shown 
in Figure 2 and 3. 


A simplified 
circuit diagram of an output buffer is shown 
in Figure 
4. Input common 
mode 
range to AGND 
is 
provided 
by a PMOS 
input 
structure. 
The improved 
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output 
circuitry 
incorporates 
a Maxim 
proprietary 
pull-down 
circuit 
to 
actively 
drive 
VOUT to 
within 
typically 
+15mV of the 
negative 
supply 
(Vss). The 
buffer circuitry 
allows each DAC output 
to sink, as 
well as source, up to 5mA. This is especially important 
in single supply applications, 
where Vss is connected 
to GND, so that zero error is kept at or under 1/2LSB 
(VREF= +1DV). A plot of output 
sink current 
versus 
output 
voltage 
is shown 
in the 
Typical 
Operating 
Characteristics 
section. 
Digital Inputs 
_______ 
and Interface 
Logic 


The digital inputs are compatible with both TTL and 5V 
CMOS logic, however power supply currents, IDDand 
Iss, are somewhat 
dependent 
on input 
logic 
level. 


Supply 
currents 
are specified 
for TTL 
input 
levels 
(worst case) but are significantly 
reduced when the 
logic inputs are driven as close to DGND as possible, or 
above 4 volts. 


NMOS 
ACTIVE 
PULL·ooWN 
CIRCUIT 


NPN 
EMITTER 
FOLLOWER PULL·UP 


VOUT 


FROM 
PMOS 


INVERTEo~ 
oAC 
OUTPUT 
INPUTS 


Address lines AD and A1 select which 
DAC receives 
data from the input port. When WR is low, the input 
register 
of the addressed 
DAC is transparent. 
The 
data is then latched 
when WR goes high. Figure 5 
shows the input 
control 
logic 
for the AD7225 and 
AD7226. Table 1 lists the channel addresses. 


The AD7226's four 
DAC outputs 
represent 
the data 
held in four 8 bit input registers. The AD7225 differs 
from 
the 
AD7226 
in that 
in addition 
to the 
input 
registers, there is a separate DAC register for each 
DAC as well. A DAC's analog output is based only on 
the contents 
of its DAC register. Data is transferred 
from the input registers to the DAC registers by the 
LDAC input. When LDAC is LOW, all four DAC reg- 
isters are transparent 
to the input registers so that all 
DACs are updated simultaneously. 
With LDAC held 
LOW, the AD7225 interface behaves like the AD7226. 


Since 
LDAQ..lAD7225 
only) 
is asynchronous 
with 
respect to WR, care must be taken to assure that 
incorrect 
data is not latched through 
to the output. 
If 
LDAC is brought 
LOW before or at the same time that 
WR goes HIGH, then LDAC must remain LOW for at 
least tLD to ensure that the correct 
data is latched. 


Data is latched 
into all four 
DAC registers 
on the 


TO All 
lGAC 
~.-------------.... 
A072250AC 


IAG7225 
REGISTERS 
ONlYI 


AO 


A1 
AO 
SELECTED INPUT REGISTER 


L 
L 
DACA Input Register 


L 
H 
DACB Input Register 


H 
L 
DACC Input Register 


H 
H 
DAC D Input Register 


Table 2. AD7225, 
AD7226 


Write Cycle Truth Table 


LDAC 
WR 
(AD7225 
FUNCTION 
ONLY) 


H 
H 
No operation.Devicedeselected. 


L 
H 
Input registerof selectedDAC 
transparent. 


J 
H 
Latchthe input registerof 
selectedDAC. 


H 
L 
(AD7225only) All four DACregisters 
transparentI.e.DACoutputs reflect 
the dataheld in their respectiveinput 
registers.Input registersare latched. 


H 
S 
(AD7225only) Latchthe four DAC 
registers.Input registersare latched. 


L 
L 
(AD7225only) DACRegistersandthe 
selectedinput registertransparent. 
DACoutput follows input datafor 
selectedchannel. 


rising edge of LDAC. Table 2 shows the truth table for 
WR and 
LDAC 
operation. 
Figure 
6 shows 
the write 


cycle timing 
for both the AD7225 and AD7226. 


_____ 
Applicatlonslnfo'matlon 


Power Supply end 


Reference Operetlng Renge. 


The AD7225 and AD7226 are fully specified 
to operate 


with VDD between 
+12V ± 5% and +15V ± 10% (+11.4V 


to +16.5V), and with 
Vss from 
OV to -5.5V. 8 bit per- 


formance 
is also guaranteed 
for single 
supply 
opera- 


tion 
(Vss = OV), however 
zero code error 
is reduced 


when Vss is -5V (see Output 
Buffer Amplifier). 


For adequate 
DAC and 
buffer 
operating 
range, 
the 


VREFvoltage 
must always 
be at least 4V below 
VDD. 


Both the AD7225 and AD7226 are specified 
to operate 


with a reference 
input 
range of +2V to VDD - 4V. 


Ground Management 


Digital 
or AC transient 
signals 
between 
AGND 
and 


DGND 
will 
create 
noise 
at the analog 
outputs. 
It is 


recommended 
that AGND and DGND be tied together 


at the DAC and that this point 
be tied to the highest 


quality 
ground 
that 
is available. 
If separate 
ground 


busses 
are used, then 
two 
clam'p 
diodes 
(IN914 
or 


equivalent) 
should 
be connected 
between 
AGND 
and 


DGND 
to 
keep 
the 
two 
ground 
busses 
within 
one 


diode 
drop 
of each 
other. 
To avoid 
parasitic 
device 


turn-on, 
AGND 
must 
not 
be 
allowed 
to 
be 
more 


negative 
than 
DGND. 
DGND 
should 
be 
used 
as 


supply 
ground 
for bypassing 
purposes. 


Careful 
PCB 
ground 
layout 
techniques 
should 
be 


used to minimize 
crosstalk 
between 
DAC outputs, 
the 


reference 
input(s), 
and 
the 
digital 
inputs. 
This 
is 


particularly 
important 
if the reference 
is driven 
from 


an AC source. 
Figure 
7 and 8 show suggested 
circuit 


board layouts for minimizing 
crosstalk. 


Unipolar Output 


In unipolar 
operation, 
the 
output 
voltages 
and 
the 


reference 
input(s) 
are 
the 
same 
polarity. 
Unipolar 


circuit 
configurations 
are shown 
in Figure 
9 and 10 


for 
the AD7225 
and 
AD7226. 
Both 
devices 
can 
be 


operated 
from a single supply 
with a slight increase 
in 


zero error 
(see Output 
Buffer 
Amplifier 
section). 
To 


avoid 
parasitic 
device 
turn-on, 
the 
voltage 
at VREF 


must always 
be positive 
with 
respect 
to DGND. 
The 


unipolar 
code table is given in Table 3. 


Bipolar Output 


Each 
DAC 
output 
may 
be 
configured 
for 
bipolar 


operation 
using the circuit 
in Figure 
11. One op-amp 


and two resistors 
are required 
per channel. 
With R1 = 


R2: 


VOUT= VREF(2DA-1), 


where 
DA is a fractional 
representation 
of the digital 


word in register A. 


Table 4 shows 
the digital 
code versus output 
voltage 


for the circuit 
in Figure 
11. 


I 
I 


ADDRESS",rIJb(""",,,",,,,,,,,,,,OI 
~1_~I_,:~ 
A_DD_RE_SS_V_Al_ID 
~ 
+5V 
I 
I 
•••.. lA, 
lA,--l 
I 
I 


Notes: 
1. All input signal rise and fall times measured from 10% 
to 90% of +5V t, = t, = 20ns over Voo range. 


2. Timing measurement reference level is, 


V1NH + V1NL 


2 
3. If LDAC~7225 
only) is activated prior to the rising 
edge of WR, then it must stay low for tLO(or longer) 
after WR goes high. 


SYSTEMGND 


VOUTB ==:=3 
n~ 
VOUTC 


VOUTA ==:=3 
I I ~ 
VOUTD 


Vss ==:=3 
I 
~ 
v" 


SYSTEMGND 


VOUTB~ 
n E::=: 
VOUT 
C 


VOUTA:==3 
I 
I E::=: 
VOUTD 


Vss:==3 
I 
I E::=: 
V" 


V",B~ 
I 
I E::=:v",c 
E::=: 
VREF 0 
0 
0 
0 


MSB 0 
o lSB 
0 
0 
0 
0 
0 
0 


0 
0 
0 
0 


MSB 0 
o lSB 
0 
0 
0 
0 
0 
0 


COMPONENTSIDEAD7225 
ITDP VIEW) 


Figure 8. Suggested A 07225 PCB Layout for Minimizing 
Crosstalk 


DAC CONTENTS 
ANALOG OUTPUT 
MSB 
LSB 


1 
1 
1 
1 
1 
1 
1 
1 
+VREF(255) 
256 


1 0 
0 0 
0 0 0 
1 
+VREFC29) 
256 


( 
) 
VREF 
1 0 
0 0 
0 
0 0 0 
+V 
128 
=+-- 
REF 256 
2 


0 
1 
1 
1 
1 
1 
1 
1 
+VREF(ill) 
256 


0 0 
0 
0 
0 0 
0 
1 
+VREF(_1_) 
256 


0 
0 0 
0 
0 0 
0 0 
OV 


DAC CONTENTS 
ANALOG OUTPUT 
MSB 
LSB 


1 
1 
1 
1 
1 
1 
1 
1 
+VREF(ill) 
128 


1 0 
0 0 
0 0 0 
1 
+VREF(_1_) 
128 


1 0 
0 0 
0 0 0 
0 
OV 


0 
1 
1 
1 
1 
1 
1 
1 
-VREF (,~8) 


0 0 0 
0 
0 0 0 
1 
-V 
C27) 
REF 128 


0 
0 
0 0 
0 
0 0 0 
-V 
(~) 
=-VREF 
REF 
128 


- 


O" •• ttlng AGND 


AGND 
can 
be biased 
above 
DGND 
to 
provide 
an 
arbitrary 
nonzero 
output 
voltage 
for 
a "zero" 
input 
code. This is shown 
in Figure 
12. The output 
voltage 
at VouTA is: 


VOUTA = VBIAS+ DAVIN, 


where 
DA is a fractional 
representation 
of the digital 
input word. Since AGND 
is common 
to all four DAC's, 
all outputs 
will be offset by VBIASin the same manner. 


Using en AC Reference 


In applications 
where 
VREF has AC 
signal 
compo- 
nents, the AD7225 and AD7226 have multiplying 
cap- 


ability 
within 
the 
limits 
of 
the 
VREF input 
range 
specifications. 
Figure 13 shows a technique 
for apply- 
ing a sine wave signal 
to the reference 
input 
where 
the AC signal 
is biased 
up before 
b.eing applied 
to 
VREF.Output 
distortion 
is typically 
less than 0.1% with 
input 
frequencies 
up to 50kHz, and the typical 
-3dB 
frequency 
is 700kHz. 
Note that VREF must 
never be 
more negative than AGND. 


Generetlng 
V•• 


The performance 
of the AD7225n226 
is specified 
for 


both 
dual 
and 
single 
supply 
(VSS = OV) operation. 


When 
the 
improved 
performance 
of 
dual 
supply 


operation 
is desired, 
but 
only 
a single 
supply 
is 


available, a -5V Vss supply can be generated 
using an 


ICL7660 in one of the circuits 
of figure 
14. 


·15V 
+15Y 


REFtR~NCE --l 
AC 
REFERENCE --l 
INPUT 
INPUT 


-ev 
-ev 
"v 
YourS 
I 
YourS 0J 
VourS 
I 
YourS 


-IV 
-IV 


~V 


.J;lO.F 
V" OUT 


4 


CAP. 
CAP- 


+liV 
lOGIC 
SUPPLY 
~V 
V•• OUT 
~10.F 


Figure 21. AD7226 to 6502 Interface 
Figure 22. AD7226 to Z-80 Interface 
_______________________ 
Chip Topography 


_______ 
General Description 


The AD7520 
and AD7521 
are low cost CMOS 
multi- 
plying 
digital-ta-analog 
converters 
(DACs) 
with 
10 
and 12 bit resolution 
respectively. 
Both DACs operate 
from a +5V to +15V supply 
and dissipate 
only 20mW. 


Thin-film 
resistors 
provide 
typically 
0.3% untrimmed 
gain 
error 
and 
10ppm/oC 
gain 
temperature 
coeffi- 
cient. 
All 
digital 
inputs 
are 
compatible 
with 
both 
CMOS 
and TTL logic 
levels. 


Maxim's 
AD7520 
and AD7521 are electrically 
and pin 
compatible 
with Analog 
Devices' AD7520 and AD7521. 
The AD7520 
is packaged 
in a 16-lead 
DIP while 
the 
AD7521 
is packaged 
in an 18-lead DIP. Both devices 
are also available 
in small outline 
(SO) packages. 


_________ 
Applications 


Machine 
and Motion 
Control 
Systems 


Automatic 
Test Equipment 


JLPControlled 
Calibration 
Circuitry 


Programmable 
Gain Amplifiers 


Digitally 
Controlled 
Filters 


Programmable 
Power Supplies 


oun 
1 


OUT2 
2 


GNO 
3 


BIT 1 (MSB) 
4 


BIT2 
5 


BIT3 
6 


BIT4 
7 


BIT5 
8 


OUTI 
1 
oun 
2 


GNO 
3 


BIT 1 (MSB) 
4 


BIT2 
5 


BIT3 
6 


BIT4 
7 


BIT5 
8 


BIT 6 
9 


~~I~JXI~~I 
CMOS 10 and 12 Bit 
Multiplying 
D/A Converters 


• 
10 or 12 Bit Resolution 


• 
8,9, and 10 Bit End Point Linearity 


• 
Low Power Consumption 
- 
20mW 


• 
TTL and CMOS 
Compatible 


• 
Pin-for-Pin 
Second 
Source 


PART 
TEMP. RANGE 
PACKAGE· 
ERROR 


AD7520JN 
O°C to +70°C 
Plastic DIP 
0.2% 


AD7520KN 
O°C to +70°C 
Plastic DIP 
0.1% 


AD7520LN 
O°C to +70°C 
Plastic DIP 
0.05% 


AD7520JCWE 
O°C to +70°C 
Small Outline 
0.2% 


AD7520KCWE 
O°C to +70°C 
Small Outline 
0.1% 


AD7520LCWE 
O°C to +70°C 
Small Outline 
0.05% 


AD752OJC/D 
O°C to +70°C 
Dice 
0.2% 


AD752OJO 
-25°C to +85°C 
CERDIP" 
0.2% 


AD7520KO 
-25°C to +85°C 
CERDIP" 
0.1% 


AD7520LO 
-25°C to +85°C 
CERDIP" 
0.05% 


AD7520JD 
-25°C to +85°C 
Ceramic 
0.2% 


AD7520KD 
-25°C to +85°C 
Ceramic 
0.1% 


AD7520LD 
-25°C to +85°C 
Ceramic 
0.05% 


AD7520S0 
-55°C to +125°C 
CERDIP" 
0.2% 


AD7520TO 
-55°C to +125°C 
CERDIP" 
0.1% 


AD7520UO 
-55°C to +125°C 
CERDIP" 
0.05% 


AD7520SD 
-55°C to +125°C 
Ceramic 
0.2% 


AD7520TD 
-55°C to +125°C 
Ceramic 
0.1% 


AD7520UD 
-55°C to +125°C 
Ceramic 
0.05% 


• AD7520 - 
16 lead package, AD7521 - 
181aad package. 
•• Maxim resarvas tha right to ship Caramic packages in liau of 
CERDIP packages. 
Ordering Information 
continuad 
on last page. 
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Multiplying 
D/A Converters 


ABSOLUTE MAXIMUM RATINGS 


Voo to GND 
-0.3V. +17V 


VREFto GND 
....................••...........•........ 
±25V 
AFBto GN D 
±25V 
Digital Input Voltage to GND 
-0.3V. Voo 
Output Voltage (OUT1. OUT2) (Note 1) 
-0.3V. Voo 


Power Dissipation 
(Derate 6mW/oC 
above +75°C) 
450mW 


Operating Temperature 
Commercial 
(JN/KN/LN/JC/KC/LC) 
O°C to +70°C 


Industrial 
(JD/KD/LD/JQ/KQ/LQ) 
......•.... 
-25°C to +85°C 


Military 
(SIT IU) 
-55°C to +125°C 


Storage Temperature 
-65°C to +150°C 


Lead Temperature (Soldering 10 sees) 
+300°C 


Stresses 
above 
those listed 
under 
''Absolute 
Maximum 
Ratings" 
may cause permanent 
damage to the devics. 
These are stress ratings 
only 
and functional 
operation 
of the device 
at these or any other 
conditions 
above those indicated 
in the operational 
sections 
of the specifications 
is not implied. 
Exposure 
to 
absolute maximum 
rating conditions 
for extended periods may affect device reliability. 


ELECTRICAL CHARACTERISTICS 
(TA=+25°C, 
Voo =+ 15V, VREF = +10V. VOUT1 = VOUT2 = GND. 
unless 
otherwise 
specified) 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN. 
TYp. 
MAX. 
UNITS 


DC ACCURACY 
(Note 2) 


Aesolution 
AD7520 
10 
Bits 
AD7521 
12 


-10V ,;; VREF,;;+10V, 
0.2% FSA = 8 Bits 
J/S 
±0.2 
Aelative Accuracy 
(Note 3) 
0.1% FSA = 9 Bits 
KIT 
±0.1 
% FSA 
TA = TMINto TMAX 
0.05% FSA = 10 Bits L/U 
±0.05 


Nonlinearity 
Tempco 
-10V';; VREF';;+10V (Note 4) 
2 
ppmrC 


Gain Error 
-10V ,;; VREF';;+10V (Note 5) 
0.3 
%FSA 


Gain Error Tempco 
-10V ,;; VREF';;+10V (Note 4,5) 
10 
ppmrC 


Output Leakage Current 
oun or OUT2. TA = TMINto TMAX 
200 
nA 


Power Supply Aejection 
PSAR 
(Note 3) 
50 
ppml 
%Voo 


VREFInput Aesistance 
AREF 
AREFtempco = -150ppmr 
C typo 
5 
10 
20 
kfi 


ACACCURACY 


Output Current Settling Time 
To 0.05% of FSA, all digital inputs 
500 
ns 
(Note 3) 
high to low and low to high. 


Feedthrough 
Error 
All digital inputs low, VREF= 20Vp_p, 
10 
mVp_p 
(Note 3,4,6) 
100kHz sinewave. 


ANALOG 
OUTPUTS 


All digital inputs high. 
OUT1 
120 
OUT2 
37 
Output Capacitance 
(Note 3) 
COUT 
OUT1 
37 
pF 
All digital inputs low, 
OUT2 
120 


Output Noise (Note 3) 
eN 
Both outputs, equivalent Johnson 
noise resistance 
10 
kfi 


DIGITAL INPUTS (TA = TMINto TMAX) 


Low State Threshold 
V1NL 
0.8 
V 


High State Threshold 
VINH 
2.4 
V 


Input Current 
Low to high state 
±1 
I'A 


Input Coding 
Unipolar (Table 1), Bipolar (Table 2) 
Binary, Offset Binary 


POWER REQUIREMENTS 


Power Supply Aange 
Voo 
+5 
+15 
V 


Power Supply Current 
100 
Digitai inputs at GND 
5 
nA 


Digital inputs high or low 
2 
mA 


Total Power Dissipation 
Including 
VREF 
20 
mW 


Note 1: VOUT1.2may exceed the Absolute Maximum voltage if the current is limited to 30mA or less. 
Note 2: Full Scale Aange is 10V for unipolar 
mode and ±10V for bipolar mode. 


Note 3: See Test Circuits. 
Note 4: Guaranteed 
by design but not 100% tested. 


Note 5: Using Internal feedback resistor, AFB. 
Note 6: To minimize 
feedthrough 
with the ceramic 
package. the metal lid must be grounded. 
If the lid is not grounded, 
then the feed- 
through 
is 10mV typical and 30mV maximum. 


CMOS 10 and 12 Bit 


Multiplying 
DIA Converters 


__________________ 
Typical Operating 
Characteristics 


1000 


100 


10 
~ 
1.0 
~ 


01 


~ 
~ 
10 


0001 
-56 -40 
-211 
0 
211 40 
110 
80 
100 1211 


TEMPERATURE(OC) 


OI6\1~lIl'U1 ~Oll~~ • ~ 


11 
13 
15 
17 


VDD (V) 
-------Detailed 
Description 


The basic AD7520/21 DAC circuit consists of a laser- 
trimmed, 
thin-film 
R-2R resistor 
array with 
CMOS 


current 
switches 
as shown 
in 
Figure 
1. Binarily 


weighted 
currents 
are switched 
to either 
OUT1 or 
OUT2 
depending 
on the status of each 
input 
bit. 


The VREF input 
accepts 
a wide range of reference 


signals 
including 
fixed 
and time-varying 
voltage or 
current inputs. 


II 
l 
I 
I 
: 
r---ff--l 
A 
A 
A 
BIT I )MSBj 
BIT 2 
BIT 3 
BIT N (lSB) 


Digital Inputs (DTUTTUCMOS 
Compatible) 
AD7520: 
N = 10 
AD7521: 
N = 12 
(Switches shown for inputs HIGH) 


----- 
Application 
Information 
Unipolar Operation 


The most common 
configuration 
for the AD7520/21 


is shown in Figure 2. The circuit is used for unipolar 
binary operation and/or 2-quadrant multiplication. 
R1 


is used 
for 
gain 
adjustment. 
If no adjustment 
is 


desired, R1 and R2 can be omitted. 
The code table 


for unipolar 
operation 
is given in Table 1. Note that 


the output 
polarity 
is the inverse of the reference 


input. 


A compensation 
capacitor, C1, may be needed when 


the DAC is used with 
a high speed amplifier. 
The 


purpose of the capacitor 
is to cancel the pole formed 


by the DAC's output 
capacitance 
and internal feed- 


back 
resistance. 
The 
correct 
compensation 
value 


depends 
on the type of op-amp 
used but typically 


ranges from 10 to 50pF. 


Table 1: Code Table (AD7520) - 
Unipolar Binary Operation 


DIGITAL INPUT 
ANALOG OUTPUT 


1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
-VREF (1 - 2-1°) 


1 
0 
0 
0 
0 
0 
0 
0 
0 
1 
-VREF 
(17 + 2-1°) 


1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
-VREF/2 


0 
1 
1 
1 
1 
1 
1 
1 
1 
1 
-VREF 
(17 - 2-1°) 


0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
-VREF (2-1°) 


0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


CMOS 10 and 12 Bit 
Multiplying 
D/A Converters 


The output op-amp's 
offset voltage can degrade DAC 
linearity 
by causing OUT1 to be terminated 
at a non- 
zero voltage. The resulting 
linearity 
error is typically 
2/3Vos. 
For best performance, 
a low-offset 
amplifier 
such as the MAX400 should be used, or the amplifier 
offset must be trimmed to typically 
no more than 1/10 
of an LSB's value. The op-amp's 
input 
bias current 
(IB) can also limit performance 
since IB x RFB gene- 


rates an offset error as well. IB should 
therefore 
be 
much less than the DAC's output 
current 
for 1 LSB, 
which is typically 
11lA for the AD7520 and 250nA for 
the AD7521. 


Table 2: Code Table (AD7520) - 
Bipolar (Offset Binary) Operation 


DIGITAL INPUT 
ANALOG OUTPUT 


1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
-VREF 
(1 - 2-9) 


1 
0 o 
0 
0 
0 o 
0 
0 
1 
-VREF 
(2-9) 


1 
0 o 
0 
0 
0 
0 
0 
0 
0 
0 


0 
1 
1 
1 
1 
1 
1 
1 
1 
1 
VREF (2-9) 


0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
VREF 
(1 - 2-9) 


0 
0 
000 
0 
0 
0 o 
0 
VREF 


Bipolar Operation 


Bipolar, 
or 
four-quadrant, 
operation 
is shown 
in 
Figure 3. A second amplifier and three matched resis- 
tors are required. 
The output vs. code table is listed 
in 
Table 
2. 
In 
multiplying 
applications, 
the 
MSB 
determines 
polarity 
while the remaining 
bits control 
amplitude. 


To adjust 
the circuit, 
load the DAC with 
a code of 
100000000000 
and trim R1 for a OV output. With R1 
and R2 omitted, 
an alternative 
zero trim is to adjust 
the ratio of R3 and R4 for OV out. Full scale can be 
trimmed 
by loading 
the DAC with 
all "zeros" 
or all 


"ones" and adjusting the amplitude 
of VREFor varying 
R5 until 
the desired 
positive 
or negative 
output 
is 
obtained. The op-amp recommendations 
made in the 
Unipolar Operation section apply for bipolar operation 
as well. 


Voltage Mode (Single Supply) 


The AD7520 is connected 
as a voltage output DAC in 
Figure 4. OUT1 is connected to the external reference 
and OUT2 is grounded. 
VREF,now the DAC output, is 
a voltage source with a constant 
output 
resistance of 
Rladder(nominally 
10k!1). In most circuits 
this output 
is buffered with an op-amp. 


+IOY I 
Y",. 
UY MAX 1 oun 


.MAXI"..., 


AD584 
+5Y 
2 


An advantage 
of voltage 
mode 
operation 
is single 
supply operation 
for the complete 
circuit, 
i.e. a nega- 
tive reference is not required for a positive output. 
It 
is important 
to note that the range of the reference is 
restricted. 
The 
reference 
input 
(voltage 
at OUT1) 
must always 
be positive 
and is limited 
to no more 
than 3.5V when Voo is 15V. If the reference voltage is 
greater 
than 
3.5V, or Voo 
is reduced, 
linearity 
is 
degraded. 


Dynamic Considerations 


In static or DC applications, 
the AC characteristics 
of 
the output 
amplifier 
are not critical. 
In higher speed 
applications, 
where either the reference 
input 
is an 
AC signal or the DAC output 
must quickly 
settle to a 
new programmed 
value, the AC parameters 
of the 
output op-amp must be considered. 


Another error source in dynamic 
applications 
is para- 
sitic 
coupling 
of signal 
from 
the VREF terminal 
to 
OUT1 or OUT2. This is normally 
a function 
of board 
layout and package lead-te-Iead 
capacitance. 
Signals 
can also be injected 
into the DAC outputs 
when the 
digital inputs are switched. This digital feedthrough 
is 
mostly dependent on circuit board layout and on-chip 
capacitive coupling. 
Layout induced feedthrough 
can 
be minimized with guard traces between digital inputs, 
VREF,and the DAC outputs. 


CMOS 10 and 12 Bit 
Multiplying 
D/A Converters 
___________________________ 
Test Circuits 


O,I.F .I 


- 
-5IlV 


VIIEF = 2OVp_p 100KHz 


SINE WAVE 
15 
14 


BIT IIMsBI 
4 


5 .NIAXI.NI 
A 07520 
Dun 
I 
I 
I 13 


BIT 10 ILsBI 


I 
1I 


'13 


BIT 10lLSBI 


oun 


.NIAXI.NI 
A 07520 


OUT2 


UNGROUNDED 
SINE WAVE 
GENERATOR 
4OH.2V,_, 


QUAN 
TECH 
Vour 
MODEL 
134·0 
WAVE 
ANALYZER 


OUT2 


GNO 


3 


Multiplying 
D/A Converters 


1I).8IT 
BINARY 
COUNTER 


BIT lIMSB) 
15 
R, 


oUTI 
I 
.MAXI.M 


BIT 10 
I 13 
AD752~UT22 


(lSB) 
GNo 
":" 


3 
":" 


BIT I 


(MSB) 


BIT 10 


BIT 11 


BIT 12 


12·BIT 
REFERENCE 
oAC 


PART 
TEMP. RANGE 
PACKAGE· 
ERROR 


AD7521JN 
O°C to +70°C 
Plastic DIP 
0.2% 


AD7521KN 
O°C to +70°C 
Plastic D)P 
0.1% 


AD7521LN 
O°C to +70°C 
Plastic DIP 
0.05% 


AD7521JCWN 
O°C to +70°C 
Small Outline 
0.2% 


AD7521 KCWN 
O°C to +70°C 
Small Outline 
0.1% 


AD7521 LCWN 
O°C to +70°C 
Small Outline 
0.05% 


AD7521JC/D 
O°C to +70°C 
Dice 
0.2% 


AD7521JQ 
-25°C to +85°C 
CERDlp·· 
0.2% 


AD7521KQ 
-25°C to +85°C 
CERDlp·· 
0.1% 


AD7521LQ 
-25°C to +85°C 
CERDlp·· 
0.05% 


AD7521JD 
-25°C to +85°C 
Ceramic 
0.2% 


AD7521KD 
-25°C to +85°C 
Ceramic 
0.1% 


AD7521LD 
-25°C to +85°C 
Ceramic 
0.05% 


AD7521SQ 
-55°C to +125°C 
CERDlp·· 
0.2% 


AD7521TQ 
-55°C to +125°C 
CERDlp·· 
0.1% 


AD7521UQ 
-55°C to +125°C 
CERDlp·· 
0.05% 


AD7521SD 
-55°C to +125°C 
Ceramic 
0.2% 


AD7521TD 
-55°C to +125°C 
Ceramic 
0.1% 


AD7521UD 
-55°C to +125°C 
Ceramic 
0.05% 


• AD7520 - 
16/ead packaga, AD7521 - 
18/aad package . 
•• Maxim reserves the right to ship Ceramic packages in lieu o( 
CERD/P packages. 


0.097" 


(2.4B4mm) 


oUT2 oUTI 


GNo 


BIT 1 
BIT 12 


0.086" 


BI12 
BIT 11 


(2.1B4mml 


BIT 3 
BIT 10 


BI14 
BI19 


BITS 
BIT B BIT 7 
BITB 


~~I~JXI~~I 


CMOS 8 Bit Multiplying 
D/A Converter 


________ 
Genera' 
Description 


The 
AD7523 
is high 
performance 
multiplying 
8 bit 


digital-to-analog 
converter 
(DAC). Low power CMOS 


technology 
and low cost 
make it suitable 
for a wide 


range 
of analog 
data acquisition 
and control 
appli- 


cations. 


Thin-film 
resistors 
assure 
8 bit resolution 
with 
up to 


10 bit linearity 
(L grade) 
over the full operating 
tem- 
perature 
range. 
In 
addition, 
all 
digital 
inputs 
are 


compatible 
with CMOS 
logic levels. 


Maxim's 
AD7523 
is electrically 
and 
pin 
compatible 


with the Analog 
Devices AD7523 
and is available 
in a 


standard 
width 
16-lead 
DIP as well 
as small 
outline 


package. 


Automatic 
Test Equipment 


Digital 
Calibration 
Systems 


Battery 
Powered 
Instruments 


Audio 
Gain Control 


Digitally 
Controlled 
Filters 


Programmable 
Power Supplies 


Motion 
Control 
Systems 


DUll 
1 


DUT2 
2 


GND 
3 


BIT 1lMSBJ 
4 


BIT 2 
5 


BIT 3 
6 


BIT 4 
7 


BIT 5 
8 


• 
8, 9 and 10 Bit Linearity 


• 
±1.5% Untrimmed 
Gain Accuracy 


• 
Guaranteed 
Monotonic 


• 
Low Feedthrough 
1/2LSB at 200kHz 


• 
Low Power Consumption 


• 
CMOS Compatible 
Logic Inputs 


• 
Widely 
Second Sourced 


PART 
TEMP. RANGE 
PACKAGE' 
ERROR 


AD7523JN 
O·C to +70·C 
Plastic DIP 
'hLSB 


AD7523KN 
O·C to +70·C 
Plastic DIP 
V,LSB 


AD7523LN 
O·C to +70·C 
Plastic DIP 
%LSB 


AD7523JCWE 
O·C to +70·C 
Small Outline 
'hLSB 


AD7523KCWE 
O·C to +70·C 
Small Outline 
V.LSB 


AD7523LCWE 
O·C to +70·C 
Small Outline 
%LSB 


256 
VOUT=O 


D = Digital Input Code 


..,,-1/I1..,,-JXI..,,-I/II 
"'aJl1m Integrated 
Product. 
2-37 


_AXI.NI 
is a registered 
trademark 
of Maxim Integrated 
Products 


CMOS 8 Bit Multiplying 
D/A Converter 


Voo to GND 
............•.........•..•......•.... 
.{).3V,+17V 


VREFto GND ......................•.........•......... 
±25V 


RFBto GND . .. . . .. . . .. . . .. . . .. . . . .. . . .. . . . . .. . . .. . .... 
±25V 
Digital Input Voltage to GND 
, 
.{).3V,Voo 
Output Voltage (OUT1, OUT2) (Note 1) ., 
.{).3V,Voo 
Operating Temperature 
O"C to +70"C 


Storage Temperature 
-65'C to +150'C 


Lead Temperature (Soldering 10 sees) 
....•............ 
+3OO'C 


Power Dissipation to +70'C 


Plastic DIP 
..........................•........•... 
670mW 
Small Outline 
..............•..•.........•..•...... 
450mW 


Stresses above those listed under ''Absolute Maximum Ratings" may cause permanent 
damage to the device. These are stress ratings only and functional 


operation 
of the device at these or any other conditions 
above those indicated in the operational 
sections of the specifications 
is not implied. 
Exposure to 


absolute maximum 
rating conditions 
for extended periods may affect device reliability. 


ELECTRICAL CHARACTERISTICS 
(TA = TMIN to TMAX, 
Voo = +15V, 
VREF = +10V, 
VOUT1 = VOUT2 = GND, unless otherwise 
specified) 


PARAMETER 
I SYMBOL 
CONDITIONS 
MIN. 
TYP. 
MAX. 
UNITS 


DC ACCURACY 


Resolution 
8 
Bits 


0.2% FSR = 'hLSB 
J 
±1h 


Nonlinearity 
(Note 2) 
0.1% FSR = ';'LSB 
K 
±1A 
LSB 
0.05% FSR = 'JILSB 
L 
±lAl 


Monotonicity 
Guaranteed 


Gain Error (Note 2. 3) 
Digital Inputs = V,NH 
TA= +25'C 
±1.5 
% FSR 
TM1Nto TMAX 
±1.8 


Power Supply Rejection (Note 2) 
PSRR 
Voo = +14V to +15V 
TA= +25'C 
0.02 
%/%Voo 
TM1Nto TMAX 
0.03 


OUT1, Digital Inputs = V,NL 
TA= +25'C 
±50 


TM1Nto TMAX 
±2oo 
Output Leakage Current 
nA 


OUT2, Digital Inputs = V,NH 
TA = 25'C 
±50 


TM1Nto TMAX 
±2oo 


VREFInput Resistance 
RREF 
TA= +25'C 
5 
10 
20 
kn 


VREFResistance Tempco 
(Note 4) 
-500 
ppm/'C 


AC PERFORMANCE (Note 4) 


Output Current Settling Time 
RL = 1oon, Digital 
Inputs 
= 
TA= +25'C 
150 
to 0.2% of FSR 
V,NHto V,NLand V'NLto V,NH 
TMINto TMAX 
200 
ns 


Feedthrough 
Error 
Digital Inputs = V,NL, 
TA= +25'C 
±1h 
LSB 
VREF= 20Vp_p, 200 KHz 
TM1Nto TMAX 
±1 


Digital Inputs = V,NH 
OUT1 
100 
OUT2 
30 
Output Capacitance 
COUT 
pF 


Digital Inputs = V,NL 
OUT1 
30 
OUT2 
100 


DIGITAL INPUTS 


Logic HIGH Threshold 
V1NH 
+14.5 
V 


Logic LOW Threshold 
V1NL 
+0.5 
V 


Input Leakage Current 
Digital inputs = OVor +15V 
±1 
",A 


Input Capacitance, 
(Note 4) 
4 
pF 


Input Coding 
Unipolar Operation 
(Table 1) 
Binary 


Bipolar Operation 
(Table 2) 
Offset Binary 


POWER REQUIREMENTS 


Power Supply Range 
Voo 
Accuracy not guaranteed 
+5 
+16 
V 
over this range. 


Power Supply Current 
I 
100 
Digital inputs = V,NHor V,NL 
100 
",A 


Note 1: VOUT1,z may exceed the Absolute Maximum voltage rating if the current is limited to 30mA or less. 
Note 2: Using internal feedback resistor (RFB)' Full scale range (FSR) = -(V REF- 1LSB) in unipolar mode. 
Note 3: Maximum gain change from +25'C to TMINor TMAXis ±O.3% FSR. 
Note 4: Guaranteed by design but not 100% tested. 


CMOS 8 Bit Multiplying 
D/A Converter 


I 
Ii 
BIT llMSBI 


III 


A 
BITBILSBI 


RI 
2kO 


15 
14 


liEF 
You RFB 16 


M~.lJXINI 
oun 
1 


11 
LSB A 07523 
OUT2 


GNO 
3 


Nole.: 
1. R3/R4 match 0.1% or better. 
2. Rl, R2 used only if gain adjustment is required. 
3. R5-R7 used to adjust VOUT = OVat input code 10000000. 


DIGITAL INPUT 
ANALOG OUTPUT 
MSB 
LSB 


1 
1 
1 
1 
1 
1 
1 
1 
-VAEF 
( 225 ) 
256 


1 
0 
0 
0 
0 
0 
0 
1 
-VAEF (~) 
256 


1 
0 
0 
0 
0 
0 
0 
0 
-VAEF (~) 
- - 


VAEF 
256 
-2- 


0 
1 
1 
1 
1 
1 
1 
1 
-VAEF (~) 
256 


0 
0 
0 
0 
0 
0 
0 
1 
-VAEF 
L~6 
) 


0 
0 
0 
0 
0 
0 
0 
0 
-VAEF 
( 2~6 ) 
=0 


DIGITAL INPUT 
ANALOG OUTPUT 
MSB 
LSB 


1 
1 
1 
1 
1 
1 
1 
1 
-VAEF (~) 
128 


1 
0 
0 
0 
0 
0 
0 
1 
-VAEF 
( 1~8 ) 


, 1 
0 
0 
0 
0 
0 
0 
0 
0 


0 
1 
1 
1 
1 
1 
1 
1 
+VAEF 
( 1~8 ) 


0 
0 
0 
0 
0 
0 
0 
1 
+VREF (~) 
128 


0 
0 
0 
0 
0 
0 
0 
0 
+VAEF (~) 
128 


Nole: 
lLSB 
= (2-7)(VAEF) 
= (1~8) 
(VAEF) 


-------_Chip 
TOpography 


CMOS B-Bit Buffered Multiplying DACs 


_______ 
Gener.1 Description 


The AD7524 
and MAX7624 are CMOS 8-bit digital-to- 
analog 
converters 
(DAC) which 
will 
interface 
directly 


with 
most 
microprocessors. 
On-chip 
input 
latches 


make ttm DACJn!erface 
similar 
to a RAM write 
cycle 


where CS and WR are the only control 
inputs required. 


Linearity 
up to ±% LSB 
is available 
(AD7524UC/U 


grades) 
and 
power 
consumption 
is less than 
10mW. 
Monotonicity 
is guaranteed 
over the full temperature 


range. 


For the AD7524, 
+5V TTL and CMOS 
logic 
compati- 


bility 
is guaranteed 
when 
using 
+5V power. 
Over the 


supply 
range of +5V to +15V, all logic 
inputs 
are high 


voltage 
CMOS 
compatible. 


The MAX7624 
has +5V TTUCMOS 
compatible 
inputs 


for a +12V to +15V supply 
range. 


fJP Controlled 
Gain 


Function 
Generators 


Bus Structured 
Instruments 


Automatic 
Test Equipment 


Digital 
Control 
Systems 


DATA 
INPUTS 
cs 
Wii 


GND 
RI AND R2 USED DNlY IF GAIN 
ADJUSTMENT 
IS REQUIRED. 


Unipolar 
Binary 
Operation 
(2-Quadrant 
Multiplication) 


• 
Microprocessor 
Compatible 


• 
On-Chip 
Data Latches 


• 
Guaranteed 
Monotonic 
Over Temp. 


• 
Low 
Power 
Consumption 
• 
8, 9, and 10-81t Linearity 


• 
AD7524 
TTUCMOS 
Compatible 
at +5V 


• 
MAX7624 
TTUCMOS 
Compatible 
at +12V to +15V 


PART 
TEMP. RANGE 
PACKAGE· 
ERROR 


AD7524JN 
O·C to +70·C 
Plastic DIP 
±'h LSB 


AD7524KN 
O·C to +70·C 
Plastic DIP 
±v. LSB 


AD7524LN 
O·C to +70·C 
Plastic DIP 
±Ii LSB 


AD7524JCSE 
D·C to +7D·C 
Small Outline 
±'h LSB 


AD7524KCSE 
D·C to +7D·C 
Small Outline 
±v. LSB 


AD7524LCSE 
D·C to +70·C 
Small Outline 
±Ii LSB 


AD7524JC/D 
D·C to +7D·C 
Dice 
±'h LSB 


AD7524AD 
-25· C to +85· C 
Ceramic 
±'h LSB 


AD7524BD 
-25·C to +85·C 
Ceramic 
±Y. LSB 


AD7524CD 
_25·C to +85· C 
Ceramic 
±Ii LSB 


• 
All de.ices 
- 
16 lead packages 


•.• Maxim 
reserves 
the 
right 
to, ship 
Ceramic 
packages 
in 
lieu 
of 


CERDIP 
packages 


(Ordering 
Information 
continued 
on last page) 


Dun 
1 


OUT2 
2 


GND 
3 


DB7 (MSBI 
4 


DB6 
5 


DB5 
6 


DB4 
7 


DB3 
8 


.MAXI.M 
A 07524 
MAX7624 


CMOS 8-Bit Buffered Multiplying DACs 


Operating 
Temperature 
Ranges 
(continued) 


AD7524AD, 
AQ, 
BD, BQ, CD, CQ 
-25°C 
to +85°C 


MAX7624EPE 
-40° C to +85° C 


AD7524SD, 
SQ, TO, TQ, 
UD, UQ 
MAX7624MJE 
-55°C 
to +125°C 


Storage 
Temperature 
Range........... 
-65°C 
to +160°C 


Power 
Dissipation 
(any 
Package) 
to +75°C 
450mW 


Derate 
Above 
+75°C 
by 
6 mW/oC 


Lead 
Temperature 
(Soldering 
10 seconds) 
+300°C 


Stresses 
above 
those listed under 
''Absolute 
Maximum 
Ratings" 
may cause 
permanent 
damage 
to the devices. 
These are stress ratings 
only, and 
functionaf operation of the device at these or any other conditions above those indicated in the operational sections of the specifications is not 
implied. 
Exposure 
to absolute 
maximum 
ratings 
conditions 
for extended 
periods 
may affect 
device 
reliability. 


Voo to GND 
-o.3V, +17V 


VREF to GND 
±25V 


VRFB to GND 
...................•.................. 
±25V 
Digital 
Input 
Voltage 
to GND 
-0.3V to Voo + 0.3V 
OUT1, 
OUT2 
to GND 
-0.3V, VOD 
Operating 
Temperature 
Ranges 
AD7524JN, 
KN, LN, JCSE, 
KCSE, 
LCSE 
MAX7624CPE, 
CSE 
O°C to +70°C 


ELECTRICAL 
CHARACTERISTICS-AD7524, 
+5V Operation 


(Voo = +5V; VREF = +10V; VOUT1 = VOUT2 = oV; TA = T MIN to T MAXunless 
otherwise 
noted) 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


DC ACCURACY 


Resolution 
8 
Bits 


J,A,S 
±112 
Relative 
Accuracy 
INL 
K,B,T 
±112 
LSB 


L,C,U 
±112 


Differential 
Non-Linearity 
DNL 
All Grades 
Guaranteed 
±1 
LSB 
Monotonic 
Over Temp. 


Gain 
Error 
(Note 
1) 
TA = 25°C 
±2'h 
LSB 
TA = TMIN to T MAX 
±3'h 


Gain 
Temp. 
Coefficient 
±2 
±40 
ppm/oC 
(Note 
2, 3) 


Supply 
Rejection 
(Note 
2) 
PSR 
flVoo 
= ±10% 
TA = 25°C 
0.002 
0.08 
%FSR/% 


TA = TMIN to TMAX 
0.01 
0.16 


Output 
Leakage 
Current 
VREF= ±10V 
TA=25°C 
±50 
nA 


(lOUT') 
DAC is 0ס0ooooo 
TA = T MIN to T MAX 
±4OO 


Output 
Leakage 
Current 
VREF= ±10V 
TA=25°C 
±50 
nA 
(I0UT2) 
DAC is 11111111 
TA = T MIN to T MAX 
±4OO 


REFERENCE 
INPUT 


R'N (pin 
15 to GND) 
5 
10 
20 
kO 


DYNAMIC 
PERFORMANCE 


DBD-DB7 
= OV to Voo to OV 
Output 
Current 
Settling-Time 
WR = CS = OV 
TA = 25°C 
400 
to 112 LSB 
(Note 
2) 
OUT1 
Load 
= 1000, 
TA = TM1Nto TMAX 
500 
ns 


CEXT = 13pF; 


VREF= ±10V 
AC Feedthrough 
100kHz 
Sinewave 
TA = 25°C 
0.25 
%FSR 
(OUT1 
or OUT2) 
(Note 
2) 
DBO-DB7 
= WR = 
TA = TMIN to TMAX 
0.5 
CS = OV 


ANALOG 
OUTPUTS 


OUT1 
Capacitance 
(Note 
2) 
COUTl 
DBD-DB7 
= Voo;}!{R 
= CS = OV 
120 
pF 
DBD-DB7 
= OV; WR = CS = OV 
30 


OUT2 
Capacitance 
(Note 
2) 
COUT2 
DBD-DB7 
= Voo; WR = CS = OV 
30 
pF 
DBO-DB7 
= OV; WR = CS = OV 
120 


Nole 1: 
Gain 
error 
is measured 
using 
internal 
feedback 
resistor. 
Full Scale 
Range 
(FSR) 
= VREF. 


Nole 2: 
Guaranteed, 
but 
not tested. 


Nole 3: 
Gain 
error 
measured 
from 
25° C to TMAXor from 
25° C to T MIN' 


Nole 4: 
Sample 
tested 
at 25°C 
to ensure 
compliance. 


CMOS 8·Bit Buffered Multiplying 
DACs 


ELECTRICAL 
CHARACTERISTICS-AD7524, 
+5V Operation (Continued) 


(VDD : 
+SV, VREF 
: 
+10V; VDUT1 : VDUT2 : OV; TA : T MIN to TMAX unless 
Dtherwise 
nDted) 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


DIGITAL 
INPUTS 


Input 
High 
VDltage 
V1H 
2.4 
V 


Input 
LDw VDltage 
V1L 
0.8 
V 


Input 
Current 
IIN 
TA : 25°C; 
V1N: OV or VDD 
±1 
pA 
TA : TMIN to TMAX 
±10 


CIN 
DBD-DB7 
8 
pF 
Input 
Capacitance 
(Note 
2) 
WR, CS 
20 


POWER 
REQUIREMENTS 


Digital 
inputs 
V1Lor V1H 
TA: 
25°C 
1 
mA 


TA : TM'N to T MAX 
2 
Supply 
Current 
IDD 
TA:2SoC 
100 
Digital 
inputs 
OV or VDD 
TA : T MIN to TMAX 
500 
pA 


SWITCHING 
CHARACTERISTICS 
(Note 
4) (See Timing 
Diagram) 


Chip 
Select 
to Write 
TA 
: 
25°C 
170 


Setup 
Time 
tcs 
TA 
: 
TM1N tD TMAX 
J,K,L,A,B,C 
220 
ns 
TA 
: 
TM1N to 
TMAX 
S,T.U 
240 


Chip 
Select 
to Write 
tCH 
0 
ns 
Hold 
Time 


TA 
: 
25°C 
170 
Write 
Pulse Width 
tWR 
TA 
: 
TM1N to 
TMAX 
J,K,L,A,B,C 
220 
ns 
TA 
: 
TM1N to 
TMAX 
S,T.U 
240 


TA 
: 
25°C 
135 
Data Setup 
Time 
tDS 
TA 
: 
TM1N to 
TMAX 
J,K,L,A,B,C 
170 
ns 
TA 
: 
TM1N to 
TMAX 
S,T.U 
170 


Data Hold 
Time 
tDH 
10 
ns 


ELECTRICAL 
CHARACTERISTICS-AD7524, 
+15V Operation 


(VDD: 
+lSV; 
VREF: 
+10V; voun 
: VOUT2: 
OV; TA: 
TM1Nto TMAX unless 
otherwise 
noted) 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


DC ACCURACY 


Resolution 
8 
Bits 


J,A,S 
±112 
Relative 
Accuracy 
INL 
K,B,T 
±114 
LSB 
L,C,U 
±118 


Differential 
Non-Linearity 
DNL 
All Grades 
Guaranteed 
±1 
LSB 
Monotonic 
Over Temp. 


Gain 
Error 
(Note 
1) 
TA : 25°C 
±1Y. 
LSB 
TA: 
TM'N to TMAX 
±1'h 


Gain 
Temp. 
CDefficient 
±1 
±10 
ppm/oC 
(NDte 2,3) 


Supply 
Rejection 
(Note 
2) 
PSR 
/:;,VDD: 
±10% 
TA : 25°C 
0.001 
0.02 
%FSR/% 
TA : TMIN to TMAX 
0.005 
0.04 


Output 
Leakage 
Current 
VREF 
: 
±10V 
TA: 
25°C 
±SO 
nA 


(lOUT') 
DAC is 0ס0ooooo 
TA: 
TM1Nto TMAX 
±200 


Output 
Leakage 
Current 
VREF: 
±10V 
TA: 
25°C 
±SO 
nA 
(I0UT2) 
DAC is 11111111 
TA : T MIN to TMAX 
±200 


ELECTRICAL 
CHARACTERISTICS-AD7524, 
+15V Operation (Continued) 
(Voo = +15V; VREF = +10V; VOUT' = VOUT2 = oV; TA = TMIN to TMAX unless 
otherwise 
noted) 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


REFERENCE 
INPUT 


R'N (pin 
15 to GND) 
5 
10 
20 
kO 


DYNAMIC 
PERFORMANCE 


DBO-DB? 
= OV to Voo to OV 
Output 
Current 
Settling-Time 
WR = CS = OV 
TA = 25°C 
250 
to 1/2 LSB 
(Note 
2) 
OUT1 
Load 
= 1000, 
TA = TMIN to TMAX 
350 
ns 


CEXT = 13pF; 


VREF= ±10V 
AC 
Feedthrough 
100kHz 
Sinewave 
TA = 25°C 
0.25 
%FSR 
(OUT1 
or OUT2) 
(Note 
2) 
DBD-DB? 
= WR = 
TA = TMIN to TMAX 
0.5 
CS = OV 


ANALOG 
OUTPUTS 


OUT1 
Capacitance 
(Note 
2) 
COUTl 
DBD-DB? 
= Voo; WR =...QS = OV 
120 
pF 
DBO-DB? 
= OV; WR = CS = OV 
30 


OUT2 
Capacitance 
(Note 
2) 
COUT2 
DBD-DB? 
= Voo~R 
=...QS = OV 
30 
pF 
DBO-DB? 
= OV; WR = CS = OV 
120 


DIGITAL 
INPUTS 


Input 
High 
Voltage 
V,H 
13.5 
V 


Input 
Low 
Voltage 
V,L 
1.5 
V 


Input 
Current 
I'N 
TA= 25°C; 
V,N = OV or Voo 
±1 
IJA 
TA = TMIN to TMAX 
±10 


Input 
Capacitance 
(Note 
2) 
C'N 
DBD-DB? 
8 
pF 
WR, CS 
20 


POWER 
REQUIREMENTS 


Digital 
inputs 
V,L or V,H 
2 
mA 


Supply 
Current 
100 
Digital 
inputs 
OV or Voo 
TA = 25°C 
100 
pA 
TA = TMIN to TMAX 
500 


SWITCHING 
CHARACTERISTICS 
(Note 
4) (See Timing 
Diagram) 


Chip 
Select 
to Write 
TA = 25°C 
100 


Setup 
Time 
tcs 
TA = T MIN to TMAX 
J,K,L,A,B,C 
130 
ns 
TA = TMIN to TMAX 
S,T,U 
150 


Chip 
Select 
to Write 
tCH 
0 
ns 
Hold 
Time 


TA = 25°C 
100 
Write 
Pulse Width 
tWR 
TA = TMIN to TMAX 
J,K,L,A,B,C 
130 
ns 
TA = TMIN to TMAX 
S,T,U 
150 


TA = 25°C 
60 
Data Setup 
Time 
tos 
TA = TM1Nto TMAX 
J,K,L,A,B,C 
80 
ns 
TA = TMIN to TMAX 
S,T,U 
100 


Data 
Hold 
Time 
tOH 
10 
ns 


Note 
1: 
Gain 
error 
is measured 
using 
internal 
feedback 
resistor. 
Full 
Scale 
Range 
(FSR) 
= VREF. 
Note 2: 
Guaranteed, 
but 
not 
tested. 
Note 3: 
Gain 
error 
measured 
from 
25° C to TMAX or from 
25° C to T MIN' 


Note 4: 
Sample 
tested 
at 25°C 
to ensure 
compliance. 


CIfIIOS8·Bit Buffered lfIIultiplying DACs 


ELECTRICAL 
CHARACTERISTICS-MAX7624, 
+12V to +15V Operation 


(Voo ; 
+10.8V to +15.75V; 
VREF ; +10V; VOUT1 ; VOUT2 ; OV; TA ; TMIN to T MAXunless 
otherwise 
noted) 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


DC ACCURACY 


Resolution 
8 
Bits 


Relative 
Accuracy 
INL 
±112 
LSB 


Differential 
Non-Linearity 
DNL 
All Grades 
Guaranteed 
±1 
LSB 
Monotonic 
Over Temp. 


Gain 
Error 
(Note 
1) 
±2 
LSB 


Gain 
Temp. 
Coefficient 
±1 
±10 
ppm/oC 
(Note 
2, 3) 


Supply 
Rejection 
(Note 
2) 
PSR 
Voo = +10.8V to +15.75V 
TA ; 25°C 
0.001 
0.02 
%FSR/% 
TA ; TMIN to TMAX 
0.005 
0.04 


Output 
Leakage 
Current 
VREF = ±10V 
TA = 25°C 
±50 
nA 


(lOUT') 
DAC is 00000000 
TA ; T MIN to T MAX 
±200 


Output 
Leakage 
Current 
VREF ; ±10V 
TA = 25°C 
±50 
nA 
(lOUT2) 
DAC is 11111111 
TA = TMIN to TMAX 
±200 


REFERENCE 
INPUT 


R'N (pin 
15 to GND) 
I 
5 
10 
20 
kO 


DYNAMIC 
PERFORMANCE 


DBO-DB7 
= OV to +5V to OV 


Output 
Current 
Settling-Time 
WR;CS=OV 
TA;25°C 
250 


to 112 LSB 
(Note 
2) 
OUT1 
Load 
; 
1000, 
TA = TM1Nto TMAX 
350 
ns 


CEXT; 
13pF; 


VREF= ±10V 


AC Feedthrough 
100kHz 
Sinewave 
TA = 25°C 
0.25 
%FSR 
(OUT1 
or OUT2) 
(Note 
2) 
DBa-DB7 
= WR = 
TA = TMIN to TMAX 
0.5 
CS = OV 


ANALOG 
OUTPUTS 


OUT1 
Capacitance 
(Note 
2) 
COUT' 


DBa-DB7 
= +5V~R 
= CS = OV 
60 
pF 
DBa-DB7 
= OV; WR = CS = OV 
25 


OUT2 
Capacitance 
(Note 
2) 
COUT2 


DBa-DB7 
= +5V~R 
= CS = OV 
25 
pF 
DBO-DB7 
= OV; WR = CS = OV 
60 


DIGITAL 
INPUTS 


Input 
High 
Voltage 
V,H 
2.4 
V 


Input 
Low Voltage 
V,L 
0.8 
V 


Input 
Current 
I'N 
TA = 25°C; 
V'N = OV or Voo 
±1 
JlA 
TA = TMIN to TMAX 
±10 


Input 
Capacitance 
(Note 
2) 
C'N 
DBO-DB7, WR, CS 
8 
pF 


POWER 
REQUIREMENTS 


Digital 
inputs 
V,L or V,H 
2.5 
mA 


Supply 
Current 
100 
TA = 25°C 
100 
Digital 
inputs 
OV or Voo 
TA = TMIN to TMAX 
500 
JlA 


CMOS 8·Bit Buffered Multiplying DACs 


ELECTRICAL 
CHARACTERISTICS-MAX7624, 
+12V to +15V Operation 
(Continued) 


(VOO = +10.8V to +15.75V, VREF = +10V; VOUT, 
= VOUT2 
= oV; TA = T MIN to T MAX unless 
otherwise 
noted) 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


SWITCHING 
CHARACTERISTICS 
(Note 4) (See Timing 
Diagram) 


TA 
= 
25°C 
160 
Chip Select to Write 
tcs 
TA 
= 
TM1N 
to 
T MAX 
C,E 
160 
ns 
Setup Time 
TA 
= 
TMIN 
to 
TMAX 
M 
210 


Chip Select to Write 
tCH 
10 
ns 
Hold Time 


TA 
= 
25°C 
150 
Write Pulse Width 
tWR 
TA 
= 
TM1N 
to 
TMAX 
C,E 
170 
ns 


TA 
= 
TM1N 
to 
TMAX 
M 
210 


TA 
= 
25°C 
160 
Data Setup Time 
tos 
TA 
= 
TM1N 
to 
TMAX 
C,E 
160 
ns 


TA 
= 
TM1N 
to 
TMAX 
M 
210 


Data Hold Time 
tOH 
10 
ns 


The AD7524/MAX7624 
is an 8-bit multiplying 
digital- 
to-analog 
converter 
(DAC) that consists of a thin-film 
R-2R 
resistor 
array 
with 
CMOS 
current 
steering 
switches. 
In applications 
requiring 
a voltage 
output, 


an output 
operational 
amplifier 
and reference will be 
needed. Figure 1 shows a simplified 
schematic 
of the 
DAC. The inverted R-2R ladder divides the voltage or 
current reference in a binary manner among the eight 
steering 
switches. 
The magnitude 
of the current 
ap- 
pearing at either OUT terminal depends on the number 
of switches 
selected, and therefore 
the output 
is an 
analog 
representation 
of the digital 
input. 
The two 
OUT terminals 
must be held at the same potential 
so 
a constant 
current 
is maintained 
in each ladder leg. 
This 
makes the VREF input 
current 
independent 
of 
switch 
state 
and 
also 
ensures 
that 
the 
AD7524/ 
MAX7624 maintains its excellent linearity performance. 


VREF 
lDkO 
lDkO 
1DkO 


2OkO 
2OkO 
2OkO 
2OkO 
2OkO 


188 
87 
86 
-:- 


I 
I 
I 
DUll 
I 
Dun 


RrB 
lDkO 


Equl"a/ent-Clrcult Ana/y.'. 


The equivalent 
circuit 
for all digital 
inputs 
LOW is 
shown in figure 2. In this state the reference current is 
switched 
to OUT2. The current 
source, 
ILEAKAGE'is 
composed 
of small surface and junction 
leakages to 
the 
substrate 
which 
double 
every 
10°C. The 
R-2R 
ladder termination 
resistor generates a constant 
1/256 
current which represents 1 LSB of the reference cur- 
rent, 
'REF' The value 
of output 
capacitance 
at the 
OUT1 and OUT2 terminals 
is input code dependent 
and lies in the range 20pF to 30pF. 


t~ 
ILEAKAGE 130PF 


Figure 
2. AD7524/MAX7624 
DAC Equivalent 
Circuit- 
Al/ Digital 
Inputs 
LOW 


The AD7524's digital inputs are TTL compatible 
when 


operated 
with a Voo of +5V (V,H = 2.4V, V,L = O.8V). 


Internal 
level shifters 
convert 
from 
TTL 
to 
CMOS 
logic levels. When V,N is in the region 1.5 to 3.5 volts, 
the input buffers operate in their linear region and the 
quiescent current increases as indicated 
by the graph 
in figure 3. Therefore 
to minimize 
supply current 
it is 
recommended 
that the digital 
inputs 
be as close to 
the supply 
rails as possible 
(Voo and DGND). 


Figure 
1. AD7524/MAX7624 
Functional 
Diagram 


2-46 
/1l1/JXI/1l1 


CMOS 8·Bit Buffered Multiplying DACs 


The AD7524 may be operated 
with any supply 
voltage 


in the 
range 
5V < VQD < 15V. With 
VDD 
= +15V the 


input 
logic 
levels are CMOS 
compatible 
only, i.e. 1.5V 


and 13.5V. 


The MAX7624's 
digital 
inputs 
are TTLICMOS 
compa- 


tible for a +12V to +15V supply 
range. However, 
when 


VII'l. is in the 
range 
of 1.5V to VDD 
- 
1.5V the 
input 


buffers operate 
in their linear region and the quiescent 


current 
increases 
(see figure 
3). 


800 
if 
700 
A07524 


" 
600 
Voo = +5V 


~ 
500 
\ 


@J 
400 


c 300 


~ 
200 


E 
100 


8e 
7'=. 


6~ 
5@. 
4g. 


3 ~ 


2 ~ 
I"" 


AD7524 


.•...•••..Voo = +15V 


TA = 25°C 
ALL DIGITAL INPUTS 
TIED TOGETHER 


Figure 
3. 
Typical Supply 
Current, 
100 vs. Logic 


Input 
Voltage VI'" for 
Voo = +5V and +15V 


Interface Logic Information 


Mode 
Selection 


The inputs 
CS and WR control 
the operating 
mode of 


the AD7524/MAX7624. 
See Mode Selection 
Table. 


CS 
WR 
MODE 
DAC RESPONSE 


L 
L 
WRITE 
OAC responds 
to data 
bus 
(OBo-OB7) 
inputs 


H 
X 
HOLD 
Data bus (OBo-OB7) 
is 


X 
H 
HOLD 
locked 
out; 
OAC holds 
last data 
present 
when 
CS or WR 
assumed 
HIGH 
state 


Write Mode 


When CS and WR are both LOW, the AD7524/MAX7624 
is in the write mode, and the AD7524/MAX7624 
analog 


output 
responds 
to data activity 
at the DBO-DB7 
data 


bus inputs. 
In this 
mode, 
the data latches 
are trans- 
parent. 


Hold 
Mode 


The AD7524/MAX7624 
retains W data...1.hatwas pre- 


sent on DBO-DB7 
just prior 
to CS or WR assuming 
a 


high 
state. 
The 
analog 
output 
remains 
at the value 


corresponding 
to the digital 
code 
locked 
in the data 


latch. 


NOTES: 
1. 
FOR THE AD7524 
ALL 
INPUT 
SIGNAL 
RISE AND 
FALL TIMES 
ARE 


MEASURED FROM 10% TO 90% OF Vou' Vou = +5V. I, : ~ : 20n8; Vou : 
+15V. L : L : 4On8. 


2. 
FOR TilE 
MAX7624 
ALL INPUT 
SIGNAL RISE AND FALL TIMES 
ARE 


MEASURED FROM 10% TO 90% OF +5V. 


3. 
TIMING 
MEASUREMENT 
REFERENCE LEVEL IS IV" 
+ Val/2. 


=IDV 


lAC OR DCI 


VIIEF 
VDIi 


NOTES: 
1. ADJUST RI FOR Your : OV AT CODE 1ס0ooooo. 
2. CI PHASE COMPENSATION 11D-15pFI MAY BE 
REQUIRED IF AI IS A HIGH SPEED AMPLIFIER 


Ell 


PART 
TEMP. RANGE 
PACKAGE" 
ERROR 


AD7524AQ 
-25° C to +85° C 
CERDIP" 
±'h LSB 


AD7524BQ 
-25°C 
to +85°C 
CERDIP" 
±v. LSB 


AD7524CQ 
-25° C to +85° C 
CERDIP" 
±I> LSB 


AD7524SD 
-55°C 
to +125°C 
Ceramic 
±'h LSB 


AD7524TD 
-55° C to +125°C 
Ceramic 
±'1. LSB 


AD7524UD 
-55°C to +125°C 
Ceramic 
±I> LSB 


AD7524SQ 
-55°C to +125°C 
CERDIP" 
±'h LSB 


AD7524TQ 
_55° C to +125°C 
CERDIP" 
±'1. LSB 


AD7524UQ 
-55°C to +125°C 
CERDIP" 
±I> LSB 


MAX7624CPE 
O°C to +70°C 
Plastic DIP 
±'h LSB 


MAX7624CSE 
O°C to +70°C 
Small Outline 
±'h LSB 


MAX7624C/D 
O°C to +70·C 
Dice 
±'h LSB 


MAX7624EPE 
-40·C 
to +85·C 
Plastic DIP 
±'h LSB 


MAX7624MJE 
_55°C to +125· C 
CERDIP 
±'h LSB 


• 
All 
devices-16 
lead 
packages 


*"' Maxim 
reserves 
the 
right 
to 
ship 
Ceramic 
packages 
in 
lieu 
of 
CERDIP 
packages. 


DIGITAL 
INPUT 


MSB 
LSB 
ANALOG 
OUTPUT 


(255 
) 
1 
1 
1 
1 
1 
1 
1 
1 
-VREF 
256 


1 000 
000 
1 
V 
( 129) 
- 
REF 
256 


1 0 
0 
0 
000 
0 
-V 
( 128 ) = _ VREF 


REF 
256 
-2- 


( 127 ) 
o 
1 
1 
1 
1 
1 
1 
1 
-V 
- 
REF 
126 


o 
0 
0 
0 
0 
0 
0 
1 
-VREF 
( 2~6 ) 


000 
0 
0 
0 
0 
0 
-VREF 
( 2~6 ) = 0 


I'" 
GNO 


0.08Z" 


IZ.08 mml 


GNO 
OUTZ 
OUTI 
RfB 


N.C. 


087 
IMSBI 


DIGITAL 
INPUT 


MSB 
LSB 
ANALOG 
OUTPUT 


( 127 ) 
1 
1 
1 
1 
1 
1 
1 
1 
+V 
- 
REF 
128 


1 000 
000 
1 
( 
1 
) 
+V 
- 


REF 
128 


1 0 
0 
0 
0 
0 
0 
0 
0 


( 
1 
) 
o 
1 
1 
1 
1 
1 
1 
1 
-V 
- 


REF 
128 


o 0 
0 
0 
0 
0 
0 
1 
II 
( 127) 
- 
REF 
128 


o 0 
0 
0 
0 
000 
( 128) 
-VREF 
128 


CIfIIOSDual 8·Sit Suffered lfIIultiplying DACs 


_______ 
Genersl Description 


The AD7528/AD7628 
contains 
two 8-bit 
multiplying 


digital-to-analog 
converters (DACs). Separate on-chip 


latches hold the input data for each DAC to allow easy 
interface to microprocessors. 
The data load operation 


is similar tQ..A.s1mi.cRAM write cycle.~s 
loaded 


using only CS, WR, and DAC Select (DAC A/DAC B) 
inputs. 


Each DAC has a separate reference input and internal 
feedback 
resistor 
which 
allow 
fUlly 
independent 


operation 
while 
maintaining 
excellent 
DAC-to-DAC 


matching. 


The 
AD7528 
operates 
from 
a single 
+5V to 
+15V 


power 
supply 
whereas 
the 
AD7628 
operates 
from 


+12V to +15V.The AD7528 has TTL compatible 
inputs 


at +5V supply 
only 
and the AD7628 
has TTL com- 
patible inputs from +12V to +15V supplies. 


The AD7528/AD7628 
is supplied 
in 20-lead 
narrow 
DIP and Small Outline 
Packages. 
__________ 
Applicstions 


Programmable 
Attenuators 


Digitally 
Controlled 
Filters 
x-v Graphics 


Motion 
Control 
Systems 


DigitaHo-Synchro 
Conversion 


Disk Drives 


1 
AGNo 


19 RFB B 


20 OUT B 


• 
Data Latches For Both DACs 


• 
AD7528-+5V 
to +15V Single Supply Operation 


• 
AD7628-+12V 
to +15V Single Supply Operation 


With TTLICMOS 
Compatible 
Inputs 
• 
±v. LSB Linearity 


• 
Microprocessor 
Compatible 


• 
Four-Quadrant 
Multiplication 


• 
DACs Matched to 1% 


PART 
TEMP. RANGE 
PACKAGE- 
ERROR 


AD7528JN 
DOC to +7DoC 
Plastic 
DIP 
±1 LSB 


AD7528KN 
DOC to +7DoC 
Plastic 
DIP 
±'h LSB 


AD7528LN 
DOC to +7Doe 
Plastic 
DIP 
±'h LSB 


AD7528JCWP 
Doe 
to +7DoC 
Small Outline 
±1 LSB 


AD7528KCWP 
DOC to +7DoC 
Small Outline 
±'h LSB 


AD7528LCWP 
Doe 
to +7Doe 
Small Outline 
±'h LSB 


AD7528JC/D 
DOC to +7Doe 
Dice 
±1 LSB 


AD7528AQ 
-25° C to +85° C 
CERDlp·· 
±1 LSB 


AD7528BQ 
-25°e 
to +85°C 
CERDlp·· 
±'h LSB 


AD7528CQ 
-25°C 
to +85°C 
eERDlp·· 
±'h LSB 


• 
All 
devices 
- 
20 lead 
packages 
•• 
Maxim 
reserves 
the 
right 
to 
ship 
Ceramic 
packages 
in 
lieu 
of 


CEROIP 
packages 
Ordering 
Information 
continued 
on last page. 


AGNo 
1 


OUT A 
' 


RFB A 
' 


VREFA 
• 


oGNo 
5 


DAC A/DAC 
B 
• 


IMSBJ oBl 
7 


086 
• 


085 
• 


084 
" 


CMOS Dual 8·Bit Buffered Multiplying DACs 


Voo to AGND 
OV, +17V 
Voo to DGND 
..................•.............. 
OV, +17V 
AGND 
to DGND 
Voo 
DGND 
to AGND 
Voo 
Digital 
Input 
Voltage 
to DGND 
. . . . . . . . . . . .•. .. 
-0.3V, Voo 
Pin 2, Pin 20 to AGND 
-0.3V, Voo 
VREFA, VREFB to AGND 
±25V 
VRFSA, VRFSB to AGND 
±25V 


Operating 
Temperature 
Ranges 
AD7528JN, 
KN, LN, JCWP, 


KCWp, 
LCWP; 
AD7628KN, 
KCWP 
O°C to +70°C 


AD7528AQ, 
BQ, CQ; AD7628BQ 
-25°C 
to +85°C 


AD7528SD, 
SQ, TD, TQ, 


UD, UQ; AD7628TQ 
-55°C 
to +125°C 


Storage 
Temperature 
Range........... 
-65°C 
to +160°C 


Power 
Dissipation 
(any 
Package) 
to +75°C 
450mW 


Derate 
Above 
+75°C 
by 
6 mW/oC 


Lead Temperature 
(Soldering 
10 seconds) 
+300°C 


Stresses 
above 
those listed 
under 
''Absolute 
Maximum 
Ratings" 
may cause permanent 
damage 
to the devices. 
These are stress ratings 
only, and 


functional 
operation 
of the device 
at these or any other 
conditions 
above 
those indicated 
in the operational 
sections 
of the specifications 
is not 
implied. 
Exposure 
to absolute 
maximum 
ratings 
conditions 
for extended 
periods 
may affect 
device 
reliability. 


ELECTRICAL 
CHARACTERISTICS-AD7528, 
+5V Operation 


(Voo = +5V; VREF = +10V; VOUTA = VOUTS = OV; TA = TMIN to TMAX unless 
otherwise 
noted) 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


DC ACCURACY 
(Note 
1) 


Resolution 
8 
Bits 


J,A,S 
±1 
Relative 
Accuracy 
INL 
K,B,T 
±1/2 
LSB 
L,C,U 
±1/2 


Differential 
Non-Linearity 
DNL 
All Grades 
Guaranteed 
±1 
LSB 
Monotonic 
Over Temp. 


J,A,S 
TA = 25°C 
±4 


TA = TM1Nto TMAX 
±6 


Gain 
Error 
(Note 
2) 
K,B,T 
TA = 25°C 
±2 
LSB 
TA = TM1Nto TMAX 
±4 


L,C,U 
TA = 25°C 
±1 
TA = TMIN to TMAX 
±3 


Gain 
Temp. 
Coefficient 
±2 
±70 
ppmrC 
(Note 
2, 3) 


Supply 
Rejection 
(Note 
4) 
PSR 
I1Voo = ±5% 
TA = 25°C 
0.001 
0.02 
%FSR/% 
TA = TMIN to TMAX 
0.001 
0.04 


Output 
Leakage 
Current 
DAC A is 0ס0ooooo 
TA = 25°C 
±5O 
nA 
(OUTA) 
TA = TMINto TMAX 
±400 


Output 
Leakage 
Current 
DAC B is 0ס0ooooo 
TA = 25°C 
±5O 
nA 
(OUTB) 
TA = T MINto TMAX 
±400 


REFERENCE 
INPUT 


R'N (VREFA, VREFB) 
8 
10 
15 
kO 


VREFA, VREFB Input 
±1 
% 
Resistance 
Match 


DYNAMIC 
PERFORMANCE 
(Note 
4) 


DBD-DB7 
= OV to Voo to OV 


Output 
Current 
settling-Time 
WR=CS=OV 
TA = 25°C 
350 


to 1/2 LSB 
OUTA 
= OUTB 
TA = TM1Nto TMAX 
400 
ns 
Load 
= 1000, 


CEXT = 13pF; 


CMOS DUBI B·Bit Buffered Multiplying 
DAC. 


ELECTRICAL 
CHARACTERISTICS-AD7528, 
+5V Operation (Continued) 


(Voo = +5V, VREF = +10V; VOUTA = VOUTB = OV; TA = T MIN to TMAX unless 
otherwise 
noted) 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


DYNAMIC 
PERFORMANCE 
(Note 
4) (Continued) 


DBD-DB7 
= OV to Voo to OV 


Propagation 
Delay 
(from 
WR=CS=OV 
TA = 25°C 
220 
digital 
input 
to 90% of final 
OUTA 
= OUTB 
TA = TM'N to TMAX 
270 
ns 
analog 
output 
current) 
Load 
= 1000, 


CEXT = 13pF; 


Digital 
to Analog 
For code 
transition 
0ס0ooooo 
to 11111111 
60 
nV-see 
Glitch 
Impulse 


AC Feedthrough 
VREFA = ±10V 
TA=25°C 
-70 
100kHz Sinewave 
dB 
(VREFA to OUTA) 
VREFB = OV 
TA = T MINto T MAX 
-65 


AC Feedthrough 
VREFB = ±10V 
TA = 25°C 
-70 
100kHz 
Sinewave 
dB 
(VREFB to OUTB) 
VREFA = OV 
TA = T MINto T MAX 
-65 


Channel 
to Channel 
Isolation 
VREFA = ±10V 
100kHz 
Sinewave 
-90 
dB 
(VREFA to OUTS) 
VREFB = OV, both 
DACs loaded 
with 
11111111 


Channel 
to Channel 
Isolation 
VREFB = ±10V 
100kHz 
Sinewave 
-90 
dB 
(VREFB to OUTA) 
VREFA = OV, both 
DACs loaded 
with 
11111111 


Digital 
Crosstalk 
Measured 
with 
code 
transition 
0 to FS 
30 
nV-see 


Harmonic 
Distortion 
THO 
V1N= 6V rms @ 1kHz 
-85 
dB 


ANALOG 
OUTPUTS 
(Note 
4) 


OUTA 
Capacitance 
COUTA 
DAC latches 
loaded 
with 
0ס0ooooo 
50 
pF 
DAC latches 
loaded 
with 
11111111 
120 
pF 


OUTB 
Capacitance 
COUTB 
DAC latches 
loaded 
with 
0ס0ooooo 
50 
pF 
DAC latches 
loaded 
with 
11111111 
120 
pF 


DIGITAL 
INPUTS 


Input 
High 
Voltage 
V1H 
2.4 
V 


Input 
Low 
Voltage 
V1L 
0.8 
V 


Input 
Current 
IIN 
TA = 25°C 
±1 
IJA 
TA = TM1Nto TMAX 
±10 


Input 
capacitance 
(Note 
4) 
CIN 
DBO-DB7 
10 
pF 
WR, CS, DAC NDAC 
B 
15 


POWER 
REQUIREMENTS 


Digital 
inputs 
V'L or V'H 
TA = 25°C 
1 
mA 
TA = TM1Nto TMAX 
1 
Supply 
Current 
100 
Digital 
inputs 
OV or Voo 
TA = 25°C 
100 
IJA 
TA = TM'N to TMAX 
500 


SWITCHING 
CHARACTERISTICS 
(Note 
4) (See Timing 
Diagram) 


Chip 
Select 
to Write 
tcs 
TA = 25°C 
200 


Setup 
Time 
TA = TM1Nto TMAX 
230 
ns 


Chip 
Select 
to Write 
1cH 
TA = 25°C 
20 


Hold 
Time 
TA = TM'N to TMAX 
30 
ns 


Note 
1: 
Specifications 
apply 
to both 
DACs in AD7528. 


Note 2: 
Gain 
error 
is measured 
using 
internal 
feedback 
resistor. 
Full scale 
Range 
(FSR) 
= VREF. 


Note 3: 
Guaranteed, 
but not tested. 
Note 4: 
These 
characteristics 
are for design 
guidance 
only 
and are not subject 
to test. 


Ell 


ELECTRICAL 
CHARACTERISTICS-AD7528, 
+5V Operation (Continued) 
(Voo = +SV, VREF = +10V; VOUTA = VOUTB = oV; TA = T MIN to TMAX unless 
otherwise 
noted) 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TVP 
MAX 
UNITS 


SWITCHING 
CHARACTERISTICS 
(Note 
4) (see 
Timing 
Diagram) 
(Continued) 


DAC select 
to Write 
tAS 
TA = 2SoC 
200 
ns 
setup 
Time 
TA = TM1Nto TMAX 
230 


DAC select 
to Write 
tAH 
TA = 2SoC 
20 
ns 
Hold 
Time 
TA = TM1Nto Tl,lAX 
30 


Write 
Pulse Width 
tWR 
TA=2SoC 
180 
ns 
TA = TM1Nto TMAX 
200 


Data setup 
Time 
tos 
TA=2SoC 
110 
ns 
TA = TM1Nto TMAX 
130 


Data 
Hold 
Time 
tOH 
0 
ns 


ELECTRICAL 
CHARACTERISTICS-AD7528, 
+15V Operation 
(Voo = +1SV; VREF = +10V; VOUTA= VOUTB = oV; TA = TM1Nto TMAX unless 
otherwise 
noted) 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TVP 
MAX 
UNITS 


DC ACCURACY 
(Note 
1) 


Resolution 
8 
Bits 


J,A,S 
±1 
Relative 
Accuracy 
INL 
K,B,T 
±112 
LSB 
L,C,U 
±112 


Differential 
Non-Li nearily 
DNL 
Guaranteed 
Monotonic 
Over Temp. 
±1 
LSB 


J,A,S 
TA = 2SoC 
±4 
TA = TM1Nto TMAX 
±S 


Gain 
Error 
(Note 
2) 
K,B,T 
TA = 2SoC 
±2 
LSB 
TA = TMIN to T MAX 
±3 


L,C,U 
TA = 2SoC 
±1 
TA = TM1Nto Tl,lAX 
±1 


Gain 
Temp. 
Coefficient 
±2 
±35 
ppml"C 
(Note 
2, 3) 


Supply 
Rejection 
(Note 
4) 
PSR 
AVoo 
= ±S% 
TA = 2SoC 
0.001 
0.01 
%FSR/% 
TA = TM1Nto TMAX 
0.001 
0.02 


Output 
Leakage 
Current 
DAC A is 0ס0ooooo 
TA = 2SoC 
±50 
nA 
(OUT A) 
TA = TM1Nto TMAX 
±200 


Output 
Leakage 
Current 
DAC B is 0ס0ooooo 
TA = 2SoC 
±50 
nA 
(OUTB) 
TA = TM1Nto TMAX 
±2oo 


REFERENCE 
INPUT 


R1N(VREFA, VREFB) 
8 
10 
1S 
kO 


VREFA, VREFB Input 
±1 
% 
Resistance 
Match 


DYNAMIC 
PERFORMANCE 
(Note 
4) 


DBo-DB7 
= OV to Voo to OV 


Output 
Current 
Settling-Time 
WR=CS=OV 
TA = 2SoC 
180 
to 112 LSB 
OUTA 
= OUTB 
TA = TM1Nto TMAX 
200 
ns 
Load 
= 1000, 
CEXT = 13pF; 


CMOS Dual B-Bit Buttered Multiplying DACs 


ELECTRICAL 
CHARACTERISTICS-AD7528, 
+15V Operation (Continued) 


(VDD 
= +15V. VREF = +10V; VOUTA = VOUTB = oV; TA = TMIN to TMAX unless 
otherwise 
noted) 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


DYNAMIC 
PERFORMANCE 
(Note 
4) (Continued) 


DBD-DB7 
= OV to VDD to OV 
Propagation 
Delay 
(from 
WR=CS=OV 
TA = 25°C 
80 
digital 
input 
to 90% of final 
OUTA 
= OUTB 
TA = TM1Nto TMAX 
100 
ns 
analog 
output 
current) 
Load 
= 1000. 


CEXT = 13pF; 


Digital 
to Analog 
For code 
transition 
0ס0ooooo 
to 11111111 
125 
nV-sec 
Glitch 
Impulse 


AC Feedthrough 
VREFA = ±10V 
TA = 25°C 
-70 
100kHz 
Sinewave 
dB 
(VREFA to OUTA) 
VREFB = OV 
TA = TMIN to TMAX 
-65 


AC Feedthrough 
VREFB = ±10V 
TA = 25°C 
-70 
100kHz 
Sinewave 
dB 
(VREFB to OUTB) 
VREFA = OV 
TA = TM1Nto TMAX 
-65 


Channel 
to Channel 
Isolation 
VREFA = ±10V 
100kHz 
Sinewave 
-90 
dB 
(VREFA to OUTS) 
VREFB = OV. both 
DACs loaded 
with 
11111111 


Channel 
to Channel 
Isolation 
VREFB = ±10V 
100kHz 
Sinewave 
-90 
dB 
(VREFB to OUTA) 
VREFA = OV, both 
DACs loaded 
with 
11111111 


Digital 
Crosstalk 
Measured 
with 
code 
transition 
0 to FS 
60 
nV-see 


Harmonic 
Distortion 
THO 
V1N = 6V rms @ 1kHz 
-85 
dB 


ANALOG 
OUTPUTS 
(Note 
4) 


OUTA 
Capacitance 
COUTA 
DAC latches 
loaded 
with 
0ס0ooooo 
50 
pF 
DAC latches 
loaded 
with 
11111111 
120 
pF 


OUTB 
Capacitance 
COUTB 
DAC latches 
loaded 
with 
0ס0ooooo 
50 
pF 
DAC latches 
loaded 
with 
11111111 
120 
pF 


DIGITAL 
INPUTS 


Input 
High 
Voltage 
V1H 
13.5 
V 


Input 
Low Voltage 
V1L 
1.5 
V 


TA = 25°C 
. 
±1 
Input 
Current 
'IN 
TA = TMIN to TMAX 
±10 
pA 


Input 
Capacitance 
(Note 
4) 
C1N 
DBD-DB7 
10 
pF 
WR, CS, DAC AlDAC 
B 
15 


POWER 
REQUIREMENTS 


Digital 
inputs 
V1Lor VIH 
TA = 25°C 
1 
mA 
TA = TM1Nto TMAX 
1 
Supply 
Current 
100 
TA = 25°C 
100 
Digital 
inputs 
OV or VDO 
TA = TMIN to TMAx 
500 
pA 


SWITCHING 
CHARACTERISTICS 
(Note 
4) (See Timing 
Diagram) 


Chip 
Select 
to Write 
tcs 
TA = 25°C 
60 
setup 
Time 
TA = TM1Nto TMAX 
80 
ns 


Chip 
select 
to Write 
tCH 
TA = 25°C 
10 
Hold 
Time 
TA = TM1Nto TMAX 
15 
ns 


Nole 1: 
Specifications 
apply 
to both 
DACs in AD7528. 
Nole 2: 
Gain 
error 
is measured 
using 
internal 
feedback 
resistor. 
Full Scale 
Range 
(FSR) 
= VREF. 
Nole 3: 
Guaranteed, 
but not 
tested. 
Nole 4: 
These 
characteristics 
are for design 
guidance 
only 
and are not subject 
to test. 


CMOS Dual 8·Bit Buffered Multiplying DACs 


ELECTRICAL 
CHARACTERISTICS-AD7528, 
+15V Operation (Continued) 


(Voo; 
+15V, VREF ; +10V; VOUTA ; VOUTB ; OV; TA ; T MIN to TMAX unless 
otherwise 
noted) 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


SWITCHING 
CHARACTERISTICS 
(Note 
4) (See Timing 
Diagram) 
(Continued) 


DAC Select 
to Write 
tAS 


TA ; 25°C 
60 
Setup 
Time 
TA ; TMIN to TMAX 
80 
ns 


DAC Select 
to Write 
tAH 
TA; 
25°C 
10 
Hold 
Time 
TA ; TMIN to TMAX 
15 
ns 


TA ; 25°C 
- 
60 
Write 
Pulse Width 
tWR 
TA ; TMIN to TMAX 
80 
ns 


Data Setup 
Time 
tos 


TA; 
25°C 
30 
TA ; TMIN to TMAX 
40 
ns 


Data Hold 
Time 
tOH 
0 
ns 


ELECTRICAL 
CHARACTERISTICS-AD7628, 
+12V to +15V Operation 


(Voo ; +10.8V to +15.75V; 
VREF ; +10V; VOUTA; VOUTB ; OV; TA ; T MIN to T MAX unless 
otherwise 
noted) 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


DC ACCURACY 
(Note 
1) 


Resolution 
8 
Bits 


Relative 
Accuracy 
INL 
±112 
LSB 


Differential 
Non-Linearity 
DNL 
Guaranteed 
Monotonic 
Over Temp. 
±1 
LSB 


Gain 
Error 
(Note 
2) 
TA; 
25°C 
±2 
LSB 
TA ; TMIN to TMAX 
±3 


Gain 
Temp. 
Coefficient 
±2 
±35 
ppm/oC 
(Note 
2,3) 


Supply 
Rejection 
(Note 
4) 
PSR 
tNoo; 
±5% 
TA ; 25°C 
0.001 
0.01 
%FSR/% 
TA ; TMIN to TMAX 
0.001 
0.02 


Output 
Leakage 
Current 
DAC A is 0ס0ooooo 
TA;25°C 
±50 
nA 
(OUTA) 
TA; 
TM1Nto TMAX 
±200 


Output 
Leakage 
Current 
DAC B is 0ס0ooooo 
TA; 
25°C 
±50 
nA 
(OUTB) 
TA ; TMIN to T MAX 
±200 


REFERENCE 
INPUT 


R1N (VREFA, VREFB) 
8 
10 
15 
kO 


VREFA. VREFB Input 
±1 
% 
Resistance 
Match 


DYNAMIC 
PERFORMANCE 
(Note 
4) 


DBD-DB7 
; OV to +5V to OV 


Output 
Current 
Settling-Time 
WR;CS;OV 
TA; 
25°C 
350 


to 112 LSB 
OUTA; 
OUTB 
TA ; T MIN to TMAX 
400 
ns 
Load; 
1000, 


CEXT; 
13pF; 


Digital 
to Analog 
For code 
transition 
0ס0ooooo 
to 11111111 
125 
nV-sec 
Glitch 
Impulse 


AC Feedthrough 
VREFA ; ±10V 
TA ; 25°C 
-70 
100kHz 
Sinewave 
dB 
(VREFA to OUTA) 
VREFB ; OV 
TA ; TMIN to TMAX 
-65 


Note 
1: 
Specifications 
apply 
to both 
DACs in AD7628. 


Note 2: 
Gain 
error 
is measured 
using 
internal 
feedback 
resistor. 
Full Scale 
Range 
(FSR) 
; VREF. 


Note 3: 
Guaranteed, 
but not 
tested. 


Note 4: 
These 
characteristics 
are for design 
guidance 
only 
and are not subject 
to test. 


2-54 
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CMOS Dual 8·Sit Suffered Multiplying DACs 


ELECTRICAL 
CHARACTERISTICS-AD7628, 
+12V to +15V Operation (Continued) 


(Voo = +10.8V to +15.75V, VAEF = +10V; VOUTA = VOUTB = oV; TA = T•••IN to T"'AX unless 
otherwise 
noted) 


PARAMETER 
ISYMBOL I 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


DYNAMIC 
PERFORMANCE 
(Note 
4) (Continued) 


AC Feedthrough 
VAEFB = ±10V 
TA = 25°C 
-70 
100kHz 
Sinewave 
dB 
(VAEFB to OUTB) 
VAEFA = OV 
TA = T•••IN to T"'AX 
-65 


Channel 
to Channel 
Isolation 
VAEFA = ±10V 
100kHz 
Sinewave 
-90 
dB 
(VAEFA to OUTS) 
VAEFB = OV, both 
DACs loaded 
with 
11111111 


Channel 
to Channel 
Isolation 
VAEFB = ±10V 
100kHz 
Sinewave 
-90 
dB 
(VAEFB to OUTA) 
VAEFA = OV, both 
DACs loaded 
with 
11111111 


Digital 
Crosstalk 
Measured 
with 
code 
transition 
0 to FS 
60 
nY-see 


Harmonic 
Distortion 
THO 
V1N = 6V rms @ 1kHz 
-85 
dB 


ANALOG 
OUTPUTS 
(Note 
4) 


OUTA 
Capacitance 
COUTA 
DAC latches 
loaded 
with 
0ס0ooooo 
25 
pF 
DAC latches 
loaded 
with 
11111111 
60 
pF 


OUTB 
Capacitance 
COUTB 
DAC latches 
loaded 
with 
0ס0ooooo 
25 
pF 
DAC latches 
loaded 
with 
11111111 
60 
pF 


DIGITAL 
INPUTS 


Input 
High 
Voltage 
V1H 
2.4 
V 


Input 
Low 
Voltage 
Vil 
0.8 
V 


Input 
Current 
IIN 
TA = 25°C 
±1 
pA 
TA = T•••1Nto T•••AX 
±10 


Input 
Capacitance 
(Note 
4) 
CIN 
DBQ-DB7 
10 
pF 
WR, CS, DAC NDAC 
B 
15 


POWER 
REQUIREMENTS 


Digital 
inputs 
TA = 25°C 
2 


Vil or V1H 
TA = T"'IN to T•••AX 
K 
2 
mA 


Supply 
Current 
'DO 
TA = T•••1Nto T•••AX 
B,T 
2.5 


Digital 
inputs 
TA = 25°C 
100 
pA 
OV or Voo 
TA = T"'IN to T"'AX 
500 


SWITCHING 
CHARACTERISTICS 
(Note 
4) (See Timing 
Diagram) 


Chip 
Select 
to Write 
TA = 25°C 
160 


Setup 
Time 
tcs 
TA = T•••1Nto T•••AX 
K,B 
160 
ns 
TA = T•••1Nto T•••AX 
T 
210 


Chip 
Select 
to Write 
tCH 
10 
Hold 
Time 
ns 


DAC Select 
to Write 
TA = 25°C 
160 


Setup 
Time 
tAS 
TA = T•••IN to T•••AX 
K,B 
160 
ns 
TA = T"'IN to T•••AX 
T 
210 


DAC Select 
to Write 
tAH 
10 
Hold 
Time 
ns 


TA = 25°C 
150 
Write 
Pulse Width 
tWA 
TA = T•••IN to T•••AX 
K,B 
170 
ns 
TA = T•••IN to T•••AX 
T 
210 


TA = 25°C 
160 
Data Setup 
Time 
tos 
TA = T"'IN to T•••AX 
K,B 
160 
ns 
TA = T•••1Nto T•••AX 
T 
210 


Data Hold 
Time 
tOH 
10 
ns 


" •••".., IIua. 
g-gll 
gUIIl#rl#U 
IDU.&.p.y.nJl "~"":J 


______ 
Detailed Description 
Interlace Logic Information 


DAC Select/on 


Both DAC latches~a 
common 
8-Bit input port. 


The control 
input DAC A/DAC 
B selects which 
DAC 
will accept data from the input port. 


Mode Selection 


The inputs CS and WR control 
the operating 
mode of 
the selected 
DAC. See Mode Selection 
Table. 


Mode Selection Table 


DAC A/DAC B 
CS 
WR 
DAC A 
DAC B 


L 
L 
L 
WRITE 
HOLD 


H 
L 
L 
HOLD 
WRITE 


X 
H 
X 
HOLD 
HOLD 


X 
X 
H 
HOLD 
HOLD 


L ; 
Low state, 
H ; 
High 
state, 
X ; 
Don't 
care 


Write Mode 


When CS and WR are both low, the selected 
DAC is 
in the write mode. The input latches of the selected 
DAC are transparent 
and its analog output 
responds 
to the data on the data bit lines DBO-DB? 


.Hold Mode 


The 
selected 
DAC latch 
retains-ibe 
d.lllil that 
was 
present on DBO-DB7 just prior to CS or WR assuming 
a high state. Both analog outputs remain at the values 
corresponding 
to the data in their respective latches. 


Write Cycle Timing 
Diagram 


----v- 
les 


CHIP SELECT 
t\~ 
~ 


~ 
'AS 
DAC A/DAC 
B 
1\ 
_ 


Note 
1: 
For the AD7528, 
all input 
signal 
rise and fall times 
are measured 
from 
10% to 90% of Voo' Voo; 
+5V, t, 
; tf 
; 
20ns; Voo ; +15V, tr 
; 
tf 
; 
40ns. 
Note 2: 
For the AD7628, 
all input 
signal 
rise and fall times 
are measured 
from 
10% to 90% of +5V. tr 
; tf 
; 20ns; 
VDO 
; 
+10.8V to +15.75V. 


Note 3: 
Timing 
measurement 
reference 
level is (V'H + V'L)/2. 


The 
AD7528/ AD7628 
contains 
two 
identical 
8-Bit 
multiplying 
digital-to-analog 
converters 
(DAC). Each 
DAC circuit 
consists of a thin-film 
R-2R resistor array 
with CMOS current steering switches. 
Figure 1 shows 
a simplified 
schematic 
of the DAC. The inverted R-2R 
ladder divides 
the voltage 
or current 
reference 
in a 
binary 
manner 
among 
the eight 
steering 
switches. 


The magnitude 
of the current 
appearing 
at the OUT 
terminal depends on the number of switches selected, 
and therefore 
the output 
is an analog representation 
of the digital input. The DAC OUT and analog ground 
terminals 
must be maintained 
at the same potential 
for proper operation. 


Equl"alent·Clrcult 
Analysis 


The DAC equivalent-circuit, 
typical 
of both DACs, is 
shown in figure 2. Each DAC shares the analog ground 
pin 1. When all the digital 
inputs are high, 255/256 of 
the reference current flows to OUT A. A small junction 
leakage current 
(ILEAKAGE), 
which doubles every 10°C, 


also flows to the output. The R-2R ladder termination 
resistor 
generates 
a constant 
1/256 current 
which 
represents 
1 LSB of the reference current, 
IREF· COUT 
is the parallel combination 
of the capacitance 
assoc- 
iated 
with 
the 
individual 
NMOS 
current 
steering 
switches. 
The value of output 
capacitance 
is input 
code dependent 
and lies in the range 20pF to 30pF. 


The equivalent 
output resistance, Ro, also varies with 
input 
code in the range O.8R to 3R, where R is the 
nominal 
ladder resistance. 


CMOS DUBI B-Bit Buffered Multiplying DAC. 


Circuit IntortrJllflon-DlfllfIIl 
s.cflon 


The AD7528's 
digital 
inputs are TTL compatible 
when 


operated 
with 
a Voo of +5V (VU:. = 2.4V, VIL = 0.8V). 


Internal 
level 
shifters 
convert 
from 
TTL 
to 
CMOS 


logic levels. When VIN is in the region of 1.0 to 3.5 volts, 
the input buffers 
operate 
in their linear region and the 


quiescent 
current 
increases 
as indicated 
by the graph 


in figure 
3. Therefore 
to minimize 
supply 
current 
it is 


recommended 
that 
the digital 
inputs 
be as close 
to 


the supply 
rails as possible 
(Voo and DGND). 


The AD7528 may be operated 
with any supply 
voltage 


in the range 
5V < VQQ ~ 
15V. With 
Voo = +15V, the 


input 
logic levels are CMOS compatible 
only, Le. 1.5V 


and 13.5V. 


The 
AD7628's 
digital 
inputs 
are 
TTL 
and 
CMOS 


compatible 
with 
any supply 
voltage 
in the 
range 
of 


+12V to +15V. 


Voo 


DATADBO 
INPUTS 
101 DB7 


OAC AI 
OAC.J 
~ 
WR 


BOO 
ij!j 700 
AD752B 


+ 
Voo: +5V 


" 600 
~500 
@J400 
•• 
300 
~200 
.1:100 


TA: 25°C 
ALLDIGITALINPUTS 
TIEDTOGETHER 


Figure 3. Typical Plots of Supply 
Current, 
100 vs. Logic 


Input 
Voltage V'N' for Voo : +5V and 
+15V 


Note 
1: 
R1, R2 and 
R3. R4 used 
only 
if gain 
adjustment 
VIHB 


is required. 
See table 
for 
recommended 
values. 
1±10VI 
Make 
gain 
adjustment 
with 
digital 
input 
of 255. 


Note 2: 
C1. C2 phase 
compensation 
(10pF-15pF) 
is 
required 
when 
using 
high 
speed 
amplifiers 
to 
prevent 
ringing 
or oscillation. 


CMOS Dual B·Sit Suffered Multiplying DAC. 


Application. Information 


To ensure 
system 
performance 
consistent 
with 
the 
AD7528/AD7628 specifications, 
careful attention must 
be given to the following 
points: 


1. General Ground 
Management: 


AC or transient 
voltages 
between 
the 
AD7528/ 
AD7628 AGND and DGND can cause noise injec- 
tion into the analog output. 
Therefore, 
whenever 
possible, the analog and digital ground pins should 
be tied together 
at the AD7528/AD7628. 


2. Output 
Amplifier 
Offset: 


CMOS DACs exhibit a code-dependent 
output 
re- 
sistance which 
in turn causes a code-dependent 
amplifier noise gain. The result is a cod~dependent 
differential 
nonlinearity 
term at the amplifier output 
which 
depends 
on the amplifier's 
offset 
voltage, 
Vos. The offset dependent 
nonlinearity 
term adds 
to the R/2R differential 
nonlinearity. 
To maintain 
monotonic 
operation, 
it 
is 
recommended 
that 
amplifier 
offset 
voltage 
should 
be no more than 
1110LSB over the operating 
temperature 
range. 


3. 
High Frequency 
Considerations: 


The combination 
of DAC output 
capacitance 
and 
the amplifier's 
feedback 
resistance adds a pole to 
the open-loop 
response which can cause ringing 
or 
oscillation 
in severe cases. Stability 
can 
be 
restored 
by adding 
a phase compensation 
capa- 
citor in parallel with the feedback 
resistor. 


4. 
Dynamic 
Performance: 


The dynamic 
performance 
of the two DACs in the 
AD7528/AD7628 
depends on the gain and phase 


characteristics 
of the output 
amplifiers, 
together 
with the stray capacitance 
contributed 
by the PC 
layout, and the power supply decouplin.g compo- 
nents. 
A 0.1JlF decoupling 
capacitor 
IS recom- 
mended between Voo and DGND. 


5. Circuit 
Layout Suggestions: 


Analog and digital ground traces should be rou~ed 
between 
the 
package 
pins 
to 
reduce 
coupling 
between the digital 
inputs and the analog output. 


Analog ground 
traces should also be place~ b~t- 
ween pins 17-18, 18-19, 3-4, and 4-5 to minimiZe 
reference feedthrough 
to the output in multiplying 
applications. 


S/ngi. Supply Operation 


The AD7528/AD7628 R-2R l::Idder termination 
resistors 
are internally 
connected 
to AG.ND. This arrangem~nt 
is particularly 
convenient 
for Single supply operation 
because AGND may be biased at any voltage between 
Voo and 
DGND. 
Figure 
5 shows 
a circuit 
which 
provides 
dual +5V to +8V analog outputs 
by biaSing 
AGND 
5V above 
DGND. 
The 
two 
DAC 
reference 
inputs are tied together 
and a reference input voltage 
is obtained 
without 
a buffer amplifier 
by making use 
of the stable matched impedances 
of the DAC A and 
DAC B reference 
inputs. 
Current 
flows 
through 
the 
two 
DAC A and 
DAC B reference 
inputs. 
Current 
flows through 
the two DAC R-2R ladders into R1, and 
R1 is adjusted 
until VRJ:FAand VREFB Inputs are at 
+2V. DAC codes from 
00000000 to 11111111 adjust 
the analog output voltages from +5V to +8V in 11.7mV 
steps. 


Figure 
6. AD7528/AD7628 
in Single 
Supply, 
Voltage 


SWitching 
Mode 


Figure 
6 shows 
one 
DAC .of .the AD7528/AD7628 
connected 
in the voltage SWitching mode which uses 
a positive 
reference 
voltage. 
This. configuration. 
is 
useful in that VOUT is the same polarity as V1N allowl.ng 
single supply operation. However, to maintain linearity, 
V1N 
must 
be limited 
to approximately 
+7V (Voo = 
+15V), and the output 
must be buffer~d 
or loaded 
with a high impedance. In the voltage SWitching ~o~e, 
the output 
resistance 
is independent 
of the digital 
input code and is typically 
10kt1. 


CMOS DUBI B·Bit Buffered Multiplying DAC. 


PART 
TEMP. RANGE 
PACKAGE" 
ERROR 


AD7528SD 
-55°C 
to +125°C 
Ceramic 
±1 LSB 


AD7528TD 
-55°C 
to +125°C 
Ceramic 
±'h LSB 


AD7528UD 
-55°C 
to +125°C 
Ceramic 
±'h LSB 


AD7528SQ 
-55°C 
to +125°C 
CERDlp·· 
±1 LSB 


AD7528TQ 
-55°C 
to +125°C 
CERDlp·· 
±'h LSB 


AD7528UQ 
-55°C 
to +125°C 
CERDlp·· 
±'h LSB 


AD7628KN 
O°C 10 +70°C 
Plaslic 
DIP 
±'h LSB 


AD7628KCWP 
O°C 10 +70°C 
Small Outline 
±'h LSB 


AD7628KC/D 
O°C 10 +70°C 
Dice 
±'h LSB 


AD7628BQ 
_25°C 10 +85° C 
CERDIP 
±'h LSB 


AD7628TQ 
·55°C 
10 +125°C 
CERDIP 
±'h LSB 


• 
All 
devices 
- 
20 leed 
packages 


•• 
Maxim 
reserves 
the 
right 
to ship 
Ceramic 
packages 
in 
lieu 
of 


CERDIP 
packages 


0.082" 


12.08 mml 


OUT A 
AGHO OUT 8 
RFB8VREf8 
1 
0.075" 


11.91 mml 


ViR 


CS 


080 
IlS8\ 


Maxim cannot assume responsibility for use of any circuitry other than circuitry entirely embodied in a Maxim product. 
No circuit patent licenses are implied. 


Maxim reserves the right to change the circuitry and specifications 
without notice at any tims. 
A1.AXIA1 
2.59 


DAC A/DAC 
8 


087 IMS81 


_______ 
Gener.' Description 


The AD7530 and AD7531 are low cost CMOS multiply- 
ing digital-to-analog 
converters 
(DAC) with 10 and 12 
bit resolution 
respectively. 
Both DACs operate 
from a 
single +5V to +15V supply 
and dissipate 
only 20mW. 


Thin-film 
resistors 
provide 
typically 
0.3% untrimmed 
gain error 
and 10ppm/oC 
maximum 
gain tempco. 
All 
digital 
inputs 
are compatible 
with 
both 
CMOS 
and 
TTL logic levels. 


Maxim's 
AD7530 
and AD7531 are electrically 
and pin 
compatible 
with Analog 
Devices' AD7530 and AD7531. 
The 
AD7530 
is packaged 
in a 16-lead 
DIP and the 
AD7531 is packaged 
in an 18-lead DIP. Both parts are 
available 
in Small Outline 
packages 
as well. 


Machine 
and Motion 
Control 
Systems 


Automatic 
Test Equipment 


/LP Controlled 
Calibration 
Circuitry 


Programmable 
Gain Amplifiers 


Digitally 
Controlled 
Filters 


Programmable 
Power Supplies 


Dun 
1 


DUT2 
2 


GND 
3 


BIT 1 IMSBI 
4 


BIT 2 
5 


BIT3 
• 


BIT4 
7 


BIT5 
8 


Dun 
1 


DUT2 
2 


GND 
3 


BIT 1 (MSB) 
4 


BIT2 
5 


BIT3 
• 


BIT4 
7 


BIT 5 
8 


BIT6 
9 


~~I~JXI~~I 
CMOS 10 and 12 Bit 
Multiplying 
D/A Converters 


• 
10 or 12 Bit Resolution 


• 
8, 9, and 10 Bit End Point 
Linearity 


• 
Low Power 
Consumption 
- 20mW 


• 
four-Quadrant 
Multiplication 


• 
TTL and CMOS 
Compatible 


• 
Pin-for-Pin 
Second 
Source 


PART 
TEMP. RANGE 
PACKAGE· 
ERROR 


AD7530JN 
O·C to +70·C 
Plastic DIP 
0.2% 


AD7530KN 
O·C to +70·C 
Plastic DIP 
0.1% 


AD7530LN 
O·C to +70·C 
Plastic DIP 
0.05% 


AD7530JCWE 
O·C to +70·C 
Small Outline 
0.2% 


AD7530KCWE 
O·C to +70·C 
Small Outline 
0.1% 


AD7530LCWE 
O·C to +70·C 
Small Outline 
0.05% 


AD753OJC/D 
O·C to +70·C 
Dice 
0.2% 


AD7530JD 
-25·C to +85·C 
Ceramic 
0.2% 


AD7530KD 
-25· C to +85· C 
Ceramic 
0.1% 


AD7530LD 
-25· C to +85· C 
Ceramic 
0.05% 


AD753OJO 
-25· C to +85· C 
CERDlp·· 
0.2% 


AD7530KO 
-25·C to +85·C 
CERDlp·· 
0.1% 


AD7530LO 
-25· C to +85· C 
CERDlp·· 
0.05% 


• AD7530 - 
16 lead package, AD7531 - 
18 lead package 
•• Maxim reserves the right to ship Ceramic packages in lieu of 
CERDIP packages. 
Ordering information 
continued on last page. 
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is a registered 
trademark 
of Maxim Integrated 
Products 


CMOS 10 and 12 Bit 
Multiplying D/A Converters 


ABSOLUTE MAXIMUM RATINGS 


Voo to GND 
-0.3V. +17V 
VREFto GND 
......•...........•....................... 
±2SV 
RFeto GND 
..................................•....... 
±2SV 
Digital Input Voltage to GND 
-{).3V,Voo 
Output Voltege (OUT1, OUT2) (Note 1) .............• 
-{).3V.Voo 
Power Dissipation 
(Derate 6mW/·C 
above +7S·C) 
4S0mW 


Operating Temperature 
Commercial 
(IN/KN/LN/JC/KC/LC) 
......•..•. 
O·C to +70·C 
Industrial (JD/KD/LD/JQ/KQ/LQ) 
.....•.• 
,.. 
-2S·C to +8S·C 
Storage Temperature 
...........••..••...•... 
-6S·C to +lSO·C 
Lead Temperature (Soldering 10 sees) ..............•.• 
+300·C 


Stresses above those listed under "Absolute Maximum 
Ratings" may cause permanent 
damage to the device. These are stress ratings only and functional 
operation 
of the device at these or any other conditions 
above those indicated 
in the operational 
sections of the specifications 
is not implied. Exposure 
to 
absolute maximum 
fating conditions 
for extended periods may affect device 
reliability. 


ELECTRICAL CHARACTERISTICS 
(TA=+2S·C, 
Voo = +lSV, VREF = +10V, VOUTl = VOUT2 = GND, unless otherwise specified) 


PARAMETER 
SYMBOL I 
CONDITIONS 
MIN. 
TYp. 
MAX. I UNITS 


DC ACCURACY (Note 2) 


Resolution 
AD7S30 
10 
Bits 
AD7S31 
12 


-10V oS VREFoS +10V, 
0.2% FSR = 8 Bits 
J 
±O.2 
Relative Accuracy 
0.1% FSR = 9 Bits 
K 
±O.l 
%FSR 
TA = T""N to T"Ax 
0.05% FSR = 10 Bits 
L 
±O.OS 


Nonlinearity 
Tempco 
-10V oS VREFoS +10V, (Note 3) 
2 
ppm/·C 


Gain Error 
-10V oS VREFoS +10V 
0.3 
%FSR 


Gain Error Tempco 
-10V oS VREFoS +10V, (Note 3) 
10 
ppml"C 


Output Leakage Current 
OUT1 or OUT2, TA = T"'N to T"AX 
300 
nA 


Power Supply Rejection 
PSRR 
50 
ppm/% 


VREFInput Resistance 
RREF 
10 
kO 


Reference Input Range 
±10V typical input 
±1 
mA 


ACACCURACY 


Output Current Settling Time 
To 0.05% of FSR, all digital inputs 
500 
ns 
high to low and low to high. 


Feedthrough 
Error (Note 3,4) 
I All digital inputs low, VREF= 20Vp_p,50kHz sine 
10 
mVp_p 


ANALOG OUTPUTS 


Output Current 
Range 
Both Outputs 
±1 
mA 


All digital inputs high, 
OUT1 
120 
OUT2 
37 
Output Capacitance 
(Note 3) 
COUT 
OUT1 
37 
pF 
All digital inputs low, 
OUT2 
120 


Output Noise (Note 3) 
eN 
Both outputs, equivalent Johnson 
noise resistance 
10 
kO 


DIGITAL INPUTS (TA = TMINto TMAx) 


Low State Threshold 
V,NL 
0.8 
V 


High State Threshold 
V,NH 
2.4 
V 


Input Current 
Low to high state 
1 
IJA 


Input Coding 
Unipolar (Table 1) 
Binary 
Bipolar (Table 2) 
Offset Binary 


POWER REQUIREMENTS 


Power Supply Range 
Voo 
+5 
+15 
V 


Power Supply Current 
100 
Digital inputs at GND 
5 
nA 
Digital inputs high or low 
2 
mA 


Total Power Dissipation 
Including 
ladder 
20 
mW 


Note 1: VOUT1.2may exceed the Absolute Maximum voltage if the current is limited to 30m A or less. 
Note 2: Full Scale Range is 10V for unipolar 
mode and ±10V for bipolar mode. 


Note 3: Guaranteed 
by design, but not 100% tested. 


Note 4: To minimize feedthrough 
with the ceramic package,the 
metal lid must be grounded. 
lithe lid is not grounded,then 
the feedthrough 
is 
10mV typical and 30mV maximum. 


CMOS 10and 12 Bit 
Multiplying 
D/A Converters 


_______ 
Detailed 
Description 
----- 
Application 
Information 


The basic AD7530/31 
DAC circuit 
consists 
of a laser- 


trimmed, 
thin-film 
R-2R 
resistor 
array 
with 
CMOS 


current 
switches 
as 
shown 
in 
Figure 
1. Binarily 


weighted 
currents 
are switched 
to 
either 
OUT1 
or 
OUT2 depending 
on the status of each input bit. Most 
applications 
require 
only an output 
op-amp 
and refer- 
ence source. 
The VREF input 
accepts 
a wide range of 
signals 
including 
fixed 
and 
time 
varying 
voltage 
or 


current 
inputs. 


II 
I 
! 
L---jf--~ 
Hin 


1 
1 
i 
A 
BIT I IMSBI 
BIT 2 
BIT 3 
BIT N IlSBI 


Digital Inputs (DTLITTLICMOS 
Compatible) 
AD7530: 
N = 10 
AD7531: 
N = 12 


(Switches shown for inputs HIGH) 


Table 1: Code Table (AD7530)- 
Unipolar Binary Operation 


DIGITAL INPUT 
ANALOG OUTPUT 


1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
-VREF (1 - 2-1°) 


1 
0 
0 
0 
0 
0 
0 
0 
0 
1 
-VREF ('h + 2-1°) 


1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
-VREF/2 


0 
1 
1 
1 
1 
1 
1 
1 
1 
1 
-VREF ('h - 2-1°) 


0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
-VREF (2-10) 


0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


Unipolar Operation 


The most common 
configuration 
for the AD7530/31 
is 
shown 
in Figure 
2. The 
circuit 
is used 
for 
unipolar 
binary operation 
and/or 
2-quadrant 
multiplication. 
R1 
can be used for gain adjustment 
if desired, 
if not, R1 
and R2 can be omitted. 
The code table 
for unipolar 
operation 
is given 
in Table 
1. Note 
that 
the 
output 
polarity 
is the inverse of the reference 
input. 


A compensation 
capacitor, 
C1, may be needed 
when 
the 
DAC 
is used 
with 
a high 
speed 
amplifier. 
The 
purpose of the capacitor 
is to cancel the pole formed 
by 
the DAC's output 
capacitance 
and internal 
feedback 
resistance. 
The value depends 
on the type of op-amp 
used but typically 
ranges from 10 to 50pF. 


The output 
op-amp's 
offset 
voltage 
can degrade 
the 
linearity 
of the DAC by causing 
OUT1 to be terminated 
at a non-zero 
voltage. 
The resulting 
linearity 
error 
is 
typically 
2/3Vos. 
For best performance, 
a low-offset 
amplifier 
such as the MAX400 should 
be used, or the 
amplifier 
offset must be trimmed 
to typically 
no more 
than 1/10 of an LSB's value. The op-amp's 
input 
bias 
current 
(IB) can also limit performance 
since IB x RFB 
generates an offset error as well.lB 
should therefore 
be 
much 
less than the DAC's output 
current 
for 1 LSB, 


which is typically 
1fJ.A forthe 
AD7530 and 250nA forthe 
AD7531. 


Table 2: Code Table (AD7530) - 
Bipolar (Offset Binary) Operation 


DIGITAL INPUT 
ANALOG OUTPUT 


1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
-VREF (1 - 2-9) 


1 
0 
o 
0 
0 
000 
0 
1 
-VREF (2-9) 


1 
0 
o 
0 
0 
000 
0 
0 
0 


0 
1 
1 
1 
1 
1 
1 
1 
1 
1 
VREF (2-9) 


0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
VREF (1 - 2-9) 


0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
VREF 


Bipolar Operation 


Bipolar, or four-quadrant, 
operation 
is shown 
in figure 


3. A second 
amplifier 
and three matched 
resistors 
are 


required. 
The output 
vs. code table is listed in Table 2. 
In multiplying 
applications, 
the MSB sets polarity 
while 


the remaining 
bits control 
amplitude. 


To adjust the circuit, 
load the DAC with a code of 1000 


00000000 
and trim R1 for a OV output. 
With R1 and R2 


omitted, 
an alternative 
zero trim is to adjust the ratio of 


R3 and R4 for OV out. Full scale can be trimmed 
by 


loading 
the 
DAC with 
all "zeros" 
or all "ones" 
and 


adjusting 
the amplitude 
of VREFor varying 
R5 until the 


desired 
positive 
or negative 
output 
is obtained. 
The 


op-amp 
recommendations 
made in the Unipolar 
Oper- 
ation section 
apply for bipolar 
operation 
as well. 


Voltage Mode (Single Supply) 


The AD7530 
is connected 
as a voltage 
output 
DAC in 


Figure 4. OUT1 is connected 
to the reference 
input and 


OUT2 
is grounded. 
VREF, now the DAC output, 
is a 


voltage 
source 
with 
a constant 
output 
resistance 
of 


Rladder (nominally 
10k!}). This outptut 
is usually 
buf- 


fered with an op-amp. 


An 
advantage 
of voltage 
mode 
operation 
is single 


supply operation 
for the complete 
circuit, 
i.e. a negative 


reference 
is not 
required 
for a positive 
output. 
It is 


important 
to note that the range 
of the reference 
is 


restricted 
in voltage mode. The reference 
input (voltage 


at OUT1) 
must always be positive 
and is limited 
to no 


more than 
+3.5V when 
VDD is +15V. If the reference 


voltage 
is greater 
than 
+3.5V, or 
VDD is reduced, 


linearity 
is degraded. 


Dynamic Considerations 


In static or DC applications, 
the AC characteristics 
of 


the output 
amplifier 
are not critical. 
In higher 
speed 


applications, 
where either the reference 
input is an AC 


signal or the DAC output 
must quickly 
settle to a new 


programmed 
value, the AC parameters 
of the output 


op-amp 
must be considered. 


A common 
error 
source 
in dymamic 
applications 
is 


parasitic 
coupling 
of signal from the VREFterminal 
to 


OUT1 or OUT2. This is normally 
a function 
of board 
layout and package 
lead-to-Iead 
capacitance. 
Signals 


can also be injected 
into the DAC outputs 
when the 


digital 
inputs are switched. 
This digital 
feedthrough 
is 


dependent 
on circuit 
board layout and on-chip 
capaci- 


tive coupling. 
Layout 
induced 
feedthrough 
from VREF 


and the digital 
inputs 
can be minimized 
with 
guard 


traces to isolate the digital 
inputs, 
VREF,and the DAC 


outputs. 
- 
Ordering Information {continued} 


PART 
TEMP. RANGE 
PACKAGE· 
ERROR 


AD7531JN 
O°C to +70°C 
Plastic DIP 
0.2% 


AD7531KN 
O°C to +70°C 
Plastic DIP 
0.1% 


AD7531LN 
O°C to +70°C 
Plastic DIP 
0.05% 


AD7531JCWN 
O°C to +70°C 
Small Outline 
0.2% 


AD7531KCWN 
O°C to +70°C 
Small Outline 
0.1% 


AD7531LCWN 
O°C to +70°C 
Small Outline 
0.05% 


AD7531KJC/D 
O°C to +70°C 
Dice 
0.2% 


AD7531JD 
-25°C to +85°C 
Ceramic 
0.2% 


AD7531KD 
-25°C to +85°C 
Ceramic 
0.1% 


AD7531LD 
-25° C to +85°C 
Ceramic 
0.05% 


AD7531JQ 
-25°C to +85°C 
CERDIP" 
0.2% 


AD7531KQ 
-25°C to +85°C 
CERDIP" 
0.1% 


AD7531LQ 
-25° C to +85°C 
CERDIP" 
0.05% 


• AD7530 - 
16/ead package. AD7531 - 
18/ead package 


•• Maxim reserves the right to ship Ceramic packages in lieu o( 


CERDIP packages. 


_______ 
General Description 


The AD7533 
is a low cost CMOS 4-quadrant 
multiply- 


ing digital-ta-analog 
converter 
(DAC). 
An advanced 
silicon 
gate CMOS 
process 
combines 
10 bit linearity, 


low 
power 
consumption, 
and 
excellent 
long 
term 
stability. 
Thin-film 
resistors 
provide 
1.4% untrimmed 
gain 
error 
and 
less 
than 
0.1 % gain 
change 
with 
temperature 
over all operating 
ranges. 


The device operates 
from a single +5V to +15V supply. 


All digital 
inputs are compatible 
with both CMOS and 
TTL logic levels. 


Maxim's 
AD7533 
is pin and functionally 
compatible 
with Analog 
Devices' AD7533 as well as the AD7520. It 
is packaged 
in 16-lead DIP and small outline 
packages. 


__________ 
Applications 


Machine 
and Motion 
Control 
Systems 


Automatic 
Test Equipment 


J.lPControlled 
Calibration 
Circuitry 


Programmable 
Gain Amplifiers 


Digitally 
Controlled 
Filters 


Programmable 
Power Supplies 


IV 


TRIANGLE 
OUTPUT 


~~I~JXI~~I 
CMOS Low Cost 10 Bit 


Multiplying 
D/A Converter 


____________ 
Features 


• 
10 Bit Resolution 


• 
8, 9, and 10 Bit End Point Linearity 


• 
Low Power Consumption 
- 20mW 


• 
Four-Quadrant 
Multiplication 


• 
TTL and CMOS 
Compatible 


• 
Pin-For-Pin 
Second 
Source 
______ 
Ordering Information 


PART 
TEMP. RANGE 
PACKAGE' 
ERROR 


AD7S33JN 
O·C to +70·C 
Plastic DIP 
0.2% 


AD7S33KN 
O·C to +70·C 
Plastic DIP 
0.1% 


AD7S33LN 
O·C to +70·C 
Plastic DIP 
O.OS% 


AD7S33JCWE 
O·C to +70·C 
Small Outline 
0.2% 


AD7S33KCWE 
O·C to +70·C 
Small Outline 
0.1% 


AD7S33LCWE 
O·C to +70·C 
Small Outline 
O.OS% 


AD7S33JC/D 
O·C to +70·C 
Dice 
0.2% 


AD7S33AQ 
-2S·C to +8S·C 
CERDIP" 
0.2% 


AD7S33BQ 
-2S·C to +8S·C 
CERDlp·· 
0.1% 


AD7533CQ 
-2S·C to +8S·C 
CERDlp·· 
O.OS% 


AD7533AD 
-2S·C to +8S·C 
Ceramic 
0.2% 


AD7S33BD 
-2S·C to +8S·C 
Ceramic 
0.1% 


AD7S33CD 
-2S· C to +8S· C 
Ceramic 
O.OS% 


AD7S33SQ 
-SS·C to +12S·C 
CERDlp·· 
0.2% 


AD7S33TQ 
-SS·C to +12S·C 
CERDlp·· 
0.1% 


AD7S33UQ 
-SS·C to +12S·C 
CERDlp·· 
O.OS% 


AD7S33SD 
-SS·C to +12S·C 
Ceramic 
0.2% 


AD7S33TD 
-SS·C to +12S·C 
Ceramic 
0.1% 


AD7S33UD 
-SS·C to +12S·C 
Ceramic 
O.OS% 


• All devices - 
16 lead packages . 


•• Maxim rasarves the right to ship Ceramic packages in lieu of 


CERDIP packages. 


DUll 
1 


DUn 
2 


GND 
3 


BIT 1 (MSBI 
• 


BIT 2 
5 


BIT 3 
6 


BIT 4 
7 


BIT 5 
8 
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ABSOLUTE MAXIMUM RATINGS 


Voo to GND 
-Q.3V,+17V 


VAEF to GND . . . . . . . . . . . . . . . . . .. .• . . •. . . . . . . . .•. . . . . . .. 
±25V 
RFB to GND . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . •. . . . . . .. 
±25V 
Digital Input Voltage to GND 
-Q.3V, Voo 


Output Voltage (OUT1, OUT2) (Note 1) 
-Q.3V, Voo 


Power Dissipation 
Plastic DIP (Derate 8.3mW/"C above +700C) 
670mW 
Ceramic, CERDIp, Small Outline 


(Derate6mW/"C 
above +75°C) 
450mW 


Operating Temperature Range 
Commercial 
J/KIL 
........................•... 
OOCto +700C 


Industrial AlBIC 
................•..•........ 
-25° C to +85° C 


Military SITIU 
_55°C to +125°C 


Storage Temperature 
...................•.... 
~o 
C to +1500C 


Lead Temperature (Soldering 10 sees) 
....•............ 
+300" C 


Stresses above those listed under ''Absolute Maximum 
Ratings" may cause permanent 
damage to the device. These are stress ratings only and functional 
operation 
of the device at these or any other conditions 
above those indicated in the operational 
sections of the specifications;s 
not implied. Exposure to 
absolutB maximum 
rating conditions 
for extended periods may affect device reliability. 


ELECTRICAL CHARACTERISTICS 
(TA = T MIN to T MAX, VDD = +15V, VREF = +lQV, Voun 
= VOUT2 = GND, 
unless 
otherwise 
specified) 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN. 
TYP. 
MAX. 
UNITS 


DC ACCURACY 


Resolution 
10 
Bits 


AD7533J/AIS 
±O.2 
Relative Accuracy 
(Note 2) 
AD7533K1B/T 
±0.1 
%FSR 
AD7533UC/U 
±O.05 


Gain Error (Note 2,3) 
Digital Inputs = V'NH 
TA= +25°C 
±1.4 
% FSR 
TM'Nto TMAX 
±1.5 


Power Supply Rejection 
PSRR 
Voo = +14V to +l7V 
TA=+25°C 
0.005 
%/%Voo 
(Note 4) t.Gain/t.Voo 
TM'N to TMAX 
0.008 


OUT1, Digital Inputs = V'Nl' 
TA = +25°C 
±50 
VAEF = ±10V 
TM'N to TMAX 
±2OO 
Output Leakage Current 
nA 


OUT2, Digital Inputs = V'NH' 
TA = +25°C 
±50 
VAEF = ±10V 
TM'N to TMAX 
±2oo 


VAEF Input Resistance 
RAEF 
TA = +25°C 
5 
10 
20 
kn 


VREF Resistance Tempeo 
-300 
ppm/"C 


DYNAMIC PERFORMANCE 


Output Current 
To 0.05% of FSR, Rl = lOOn, 
TA=+25°C 
600 
Settling Time (Note 5) 
Digital Inputs = V'NHto 
TM'Nto TMAX 
800 
ns 


V'Nl and V'Nl to V'NH' 


Feedthrough 
Error (Note 4) 
Digital Inputs=V'Nl' VAEF =±10V, 
TA = +25°C 
:i:0.05 
'10 FSR 
100KHz Sinewave 
TM'Nto TMAX 
±O.l 


Digital Inputs = V'NH 
OUTl 
100 
OUT2 
35 
Output Capacitance 
(Note 4) 
COUT 
pF 
OUTl 
35 
Digital Inputs = V'Nl 
OUT2 
100 


DIGITAL INPUTS 


Logic HIGH Threshold 
V'NH 
+2.4 
V 


Logic LOW Threshold 
V'Nl 
+0.8 
V 


Input Leakage Current 
Digital Inputs = OVor Voo 
±1 
p.A 


Input Capacitance 
(Note 4) 
5 
pF 


POWER REQUIREMENTS 


+15V ±10% for Rated Accuracy 
+13.5 
+16.5 
Operating Supply Range 
Voo 
V 


Accuracy Not Guaranteed (Note 4) 
+5 
+16.5 


Power Supply Current 
100 
Digital Inputs = V'NHor V'Nl 
2 
mA 


Note 1: Voun.2 
may exceed the Absolute Maximum voltage rating if the current is limited to 30mA or less. 


Note 2: Using internal feedback resistor (RFB). 
Full scale range (FSR) = -(VAEF 
- 1LSB) in unipolar mode. 


Note 3: Maximum gain change from +25°C to TM'Nor TMAXis ±D.l% FSR. 
Note 4: Guaranteed by design but not 100% tested. 
Note 5: Guaranteed by design and sample tested at +25°C to ensure compliance. 
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RELATIVE ACCURACY 
(NONLINEARITY) 
VI. VREF 
1.0 
2.0 


TA" +25°& 
Voo • +5V 10 +15V 


Ii 
05 
1.5 


=' • 


~ 
i 
~ 
I 
1.0 
~ 
- 
5 
:;j 
~ -0.5 
05 


-1.0 


GAIN ERROR VI. VREF 


1.0 


TA = +25"C 
Vog '" +5V TO .• 15V 
01GllAl1NPUl·1I11111111 


05 
•• - 


~I-:;j 


-0.5 


±2 
±4 
±6 
±6 
±IO 
±12 


V",lVJ 


10 


V"IVJ 


12 


••,. 
~~ 
~I 
-3 


-6 


±2 
±4 
±6 
±8 
±10 
±12 


V",IVI 


1.5 
~~! 1.0 
~; 
::l 
05 


11. '" "'!S°C 
Voo = +15V 
VIE, = 10V PEAK At 
DIGiTAl INPUT· 
1111111111 


Rl'= lOOn 


001 
01 
1.0 


FREOUENeT IMHzl 


________________________ 
Detailed Description 


The basic AD7533 
DAC circuit 
consists 
of a thin-film 


R-2R resistor 
array 
with 
CMOS 
current 
switches 
as 


shown 
in Figure 
1. Binarily 
weighted 
currents 
are 


switched 
to either 
OUT1 or OUT2 depending 
on the 


status of each input bit. Most applications 
require only 


an output 
op-amp and an external 
reference. 
The VREF 


input accepts a wide range of reference 
signals includ- 


ing fixed and time-varying 
voltage or current 
inputs. 


Equl"./ent Circuit An.'ysls 


Figures 
2 and 3 show 
the equivalent 
circuits 
for the 


R-2R ladder when all digital 
inputs are LOW and HIGH 


respectively. 
The input resistance 
at VREF is nominally 


10kO and does not change with digital 
input code. The 


IREF/1024 current 
source, 
which 
is actually 
the ladder 


termination 
resistor 
(RT, Figure 1), results in an inten- 


tional1-bit 
current 
loss to GND. The ILEAKAGEcurrent 


sources 
represent 
junction 
and 
surface 
leakage 


currents. 


11110 
IIllO 
11110 


v••• 
R, 
2IIlO 
2IIlO 
2IIlO 
2IIlO 
2IIlO 


81 
82 
83 
810 
':" 


II! 
81T IIM881 


Digital Inputs (DTUTTL/CMOS 
Compatible) 
(Switches Shown for Inputs HIGH) 


MultiplVing D/A Converter 


Capacitors 
COUT1 and COUT2 represent the switches' 
ON 
and 
OFF 
capacitances 
respectively. 
When 
all 


inputs 
are switched 
from 
LOW to HIGH, 
the capaci- 
tance 
at OUT1 
changes 
from 
35pF 
to 
100pF. This 
capacitance 
is code-dependent 
and is a function 
of the 
number of ON switches that are connected 
to a specific 
output. 


t 


':" 
':" 


-IOkn 
~ 
+~l!!L 
t~lmKAGE 
11~F 
VREF 
--. 


IREF 
I 
1024 
':" 
':" 
':" 


_____ 
Application 
Information 


Unipolar Operation 


The 
most 
common 
configuration 
for the AD7533 
is 
shown 
in Figure 
4. The 
circuit 
is used for 
unipolar 
binary operation 
and/or 
2-quadrant 
multiplication. 
R1 
is used for gain adjustment. 
If no adjustment 
is desired, 


R1 and R2 can be omitted. 
The code table for unipolar 
operation 
is given 
in Table 
1. Note 
that 
the 
output 
polarity 
is the inverse of the reference 
input. 


A compensation 
capacitor, 
C1, may be needed when 
the 
DAC 
is used 
with 
a high 
speed 
amplifier. 
The 
purpose of the capacitor 
is to cancel the pole formed by 
the DAC's output 
capacitance 
and internal 
feedback 
resistance. 
The correct 
compensation 
value depends 
on the type of op-amp 
used but typically 
ranges from 10 
to 33pF. 


The output 
op-amp's 
offset voltage 
can degrade 
DAC 
linearity 
by causing 
OUT1 to be terminated 
at a non- 
zero voltage. 
The resulting 
linearity 
error 
is typically 
2/3Vos. 
For best performance, 
a low-offset 
amplifier 


such as the MAX400 should 
be used, or the amplifier 
offset must be trimmed 
to typically 
no more than 1/10 of 
an LSB's value. The op-amp's 
input 
bias current 
(Is) 
can also limit performance 
since Is x RFS generates 
an 
offset error 
as well. Is should 
therefore 
be much 
less 
than 
the 
DAC's 
output 
current 
for 
1 LSB, 
which 
is 
typically 
1}.LAfor the AD7533. 


Bipolar Operation 


Bipolar, or four-quadrant, 
operation 
is shown 
in Figure 
5. A second 
amplifier 
and three matched 
resistors 
are 
required. 
R3, 
R4, 
and 
R5 should 
be 
matched 
or 
trimmed 
to 0.05% to maintain 
10 bit performance. 
The 
output 
vs. code table is listed in Table 2. In multiplying 
applications, 
the MSB determines 
output 
polarity 
while 
the remaining 
bits control 
amplitude. 


To adjust the circuit, 
load the DAC with a code of 10000 
00000 and trim 
R1 for a OV output. 
With 
R1 and R2 
omitted, 
an alternative 
zero trim is to adjust the ratio of 
R3 and R4 for OV out. Full scale can be trimmed 
by 
loading 
the 
DAC with 
all "zeros" 
or all "ones" 
and 
adjusting 
the amplitude 
of VREFor varying 
R5 until the 
desired 
positive 
or negative 
output 
is obtained. 
The 
op-amp 
recommendations 
made in the Unipolar 
Oper- 
ation section 
apply for bipolar 
operation 
as well. 


Voltage Mode (Single Supply) 


The AD7533 
is connected 
as a voltage 
output 
DAC in 
Figure 6. OUT1 is connected 
to the external 
reference 
and OUT2 is grounded. 
VREF,now the DAC output, 
is a 
voltage 
source 
with 
a constant 
output 
resistance 
of 
Rladder(nominally 
10kD.). In most circuits 
this output 
is 
buffered 
with an op-amp. 


An 
advantage 
of voltage 
mode 
operation 
is single 
supply operation 
forthe 
complete 
circuit, 
i.e. a negative 
reference 
is not 
required 
for a positive 
output. 
It is 
important 
to note that the range 
of the reference 
is 
restricted. 
The reference 
input (voltage at OUT1) must 
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always be positive 
and is limited 
to no more than 3.5V 


when Voo is 15V. If the reference voltage is greater than 
3.5V, or Voo is reduced, 
linearity 
is degraded. 


Dynamic Considerations 


In static or DC applications, 
the AC characteristics 
of 


the output 
amplifier 
are not critical. 
In higher 
speed 


applications, 
where either the reference 
input is an AC 


signal or the DAC output 
must quickly 
settle to a new 


programmed 
value, the AC parameters 
of the output 
op-amp 
must be considered. 


Another 
error source 
in dymamic 
applications 
is para- 


sitic coupling 
of signal from the VREFterminal 
to OLJT1 


or OUT2. This is normally 
a function 
of board 
layout 


and 
package 
lead-to-Iead 
capacitance. 
Signals 
can 


also be injected 
into the DAC outputs 
when the digital 


inputs are switched. 
This digital feedthrough 
is mostly 


dependent 
on circuit 
board layout and on-chip 
capaci- 


tive 
coupling. 
Layout 
induced 
feedthrough 
can 
be 


minimized 
with 
guard 
traces 
between 
digital 
inputs, 
VREF,and the DAC outputs. 


Table 1: Code Table - 
Unipolar Binary Operation 


DIGITAL INPUT 
ANALOG OUTPUT 


1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
-VAEF 
(1 - 2-1°) 


1 a a a a a a a a 
1 
-VAEF 
('h + 2-1°) 


1 a a a a a a a a a 
-VAEF/2 
a 
1 
1 
1 
1 
1 
1 
1 
1 
1 
-VAEF 
('h - 2-1°) 
a a a a a a a a a 
1 
-VAEF 
(2-1°) 
a a a a a a a a a a 
a 


.IOV 1 V",=a5VM~Xl 
Dun 


.•...•...• 
AXI"'" 
AD584.5V 
2 


Table 2: Code Table - 
Bipolar (Offset Binary) Operation 


DIGITAL INPUT 
ANALOG OUTPUT 


1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
-VAEF 
(1 - 2-9) 


1 a a a a a a a a 
1 
-VAEF 
(2-9) 


1 a a a a a a a a a 
a 


a 
1 
1 
1 
1 
1 
1 
1 
1 
1 
VAEF (2-9) 
a a a a a a a a a 
1 
VAEF (1 - 2-9) 
a a a a a a a a a a 
VAEF 
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________ 
Chip Topography 


_______ 
General Description 


The AD7541 is a high performance 
CMOS 
multiplying 


12 bit digital-to-analog 
converter 
(DAC). 
Low power 
operation 
and 12-bit linearity 
(0.012%) make it suitable 


for 
a wide 
range 
of precision 
data 
acquisition 
and 


control 
applications. 


Wafer level laser trimmed 
thin-film 
resistors 
and tem- 


perature 
compensated 
NMOS 
switches 
assure 
true 


12-bit 
performance 
over the full 
operating 
tempera- 


ture range. 
In addition, 
all digital 
inputs 
are compat- 


ible with both CMOS 
and TTL logic levels. 


Maxim's 
AD7541 
is electrically 
and 
pin 
compatible 


with 
the 
Analog 
Devices 
AD7541. 
It is available 
in 


standard 
width 
18-lead 
DIP and Small 
Outline 
(SO) 


packages. 


Machine 
and Motion 
Control 
Systems 


Automatic 
Test Equipment 


JLPControlled 
Calibration 
Circuitry 


Programmable 
Gain Amplifiers 


Digitally 
Controlled 
Filters 


Programmable 
Power Supplies 


~N 
~~ 


:NIAXIA1 
MAX400 


~~I~JXI~~I 
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____________ 
Features 


• 
12 Bit Linearity 
(1/2 LSB) 


• 
1 LSB Gain Accuracy 


• 
Guaranteed 
Monotonic 


• 
Low Power Consumption 


• 
Four-Quadrant 
Multiplication 


• 
TTL and CMOS Compatible 


• 
Pln-For-Pln 
Second 
Source 
______ 
Orderlng Information 


PART 
TEMP. RANGE 
PACKAGE" 
ERROR 


AD7541JN 
DOCto +7DoC 
Plastic DIP 
1 LSB 


AD7541KN 
DOCto +7DoC 
Plastic DIP 
'h LSB 


AD7541JCWN 
DOCto +7DoC 
Small Outline 
1 LSB 


AD7541 KCWN 
DOCto +7DoC 
Small Outline 
'h LSB 


AD7541JC/D 
DOCto +7DoC 
Dice 
1 LSB 


AD7541AQ 
-25°C to +85°C 
CERDlp·· 
1 LSB 


AD7541BQ 
-25°C to +85°C 
CERDlp·· 
'h LSB 


AD7541AD 
-25°C to +85°C 
Ceramic 
1 LSB 


AD7541BD 
-25°C to +85°C 
Ceramic 
'h LSB 


AD7541SQ 
-55°C to +125°C 
CERDlp·· 
1 LSB 


AD7541TQ 
-55°C to +125°C 
CERDlp·· 
'h LSB 


AD7541SD 
-55°C to +125°C 
Ceramic 
1 LSB 


AD7541TD 
-55°C to +125°C 
Ceramic 
'h LSB 


• All devices - 
18 lead package . 


•• Maxim reserves the right to ship Ceramic packages in lieu of 
CERDIP packages. 


Dun 
1 


DUT2 
2 


GND 
3 


BIT 1 [MSB) 
4 


BIT 2 
5 


BIT 3 
6 


BIT 4 
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BIT 5 
8 


BIT 6 
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Multiplying 
D/A Converter 


ABSOLUTE MAXIMUM RATINGS 


Voo to GND 
-o.3V. +17V 


VAEFto GND 
. . . . . . . . . . . . . . . . . . . . . . .• . . . . . . . . . • . . . .. 
±2SV 


RFs to GND 
±2SV 
Digital Input Voltage to GND 
....•.................. 
-o.3V, Voo 
Output Voltage (OUT1, OUT2) (Note 1) 
-o.3V, Voo 
Power Dissipation 
(Derate 6mWfOC above +7S0C) 
4S0mW 


Operating 
Temperature Range 
Commercial 
AD7S41J/K 
...........••......... 
O°C to +70°C 


Industrial AD7S41AlB 
.................•.... 
-2SoC to +8SoC 


Military AD7S41SIT 
............•...•..•... 
-SsoC to +12SoC 


Storage Temperature 
............•........... 
-6SoC to +1SOoC 


Lead Temperature (Soldering 
10 seconds) 
.........•... 
+300°C 


Stresses above those listed under ''Absolute Maximum 
Ratings" may cause permanent 
damage to the device. These are stress fatings only, and functional 


operation or the device at these or any other conditions 
above those indicated 
in the operational sections of the specification 
is not implied. Exposure 
to 


absolute maximum 
fatings conditions 
for extended periods may affect the device reliability. 


ELECTRICAL CHARACTERISTICS 
(TA = TMIN to TMAX, Voo 
= +15V, 
VREF = +10V, 
VOUT1 = VOUT2 = GND, 
unless 
otherwise 
specified) 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN. 
TYp. 
MAX. 
UNITS 


DC ACCURACY 


Resolution 
12 
Bits 


Nonlinearity 
AD7541 J/ AlS (Note 2) 
±1 
LSB 
AD7541K/BIT 
(Note 3) 
±O.S 


Gain Error (Note 4) 
Using RFs;TA = +2SoC 
±12.S 
LSB 
TM1Nto TMAX 
±16.7 


Power Supply Rejection 
PSRR 
Voo = +14.SV to +1S.SV;TA = 2SoC 
0.Q1 
%/%Voo 
TMINto TMAX 
0.02 


Output Leakage Current 
VAEF= ±10V; TA = +2SoC 
±SO 
nA 
TMINto TMAX 
±200 


Reference Input Resistance 
RAEF 
TA=2SoC 
S 
20 
kfi 


DYNAMIC PERFORMANCE 
(Note 5) 


Output Current Settling Time 
To 1/2LSB 
--;- 


1 
I's 


Feedthrough 
Error 
VAEF= 20Vp.p at 10kHz 
1 
mVp_p 


DIGITAL INPUTS 


Logic HIGH Threshold 
V,NH 
+2.4 
V 


Logic LOW Threshold 
V,NL 
+0.8 
V 


Input Leakage Current 
Digital Inputs = OV or Voo 
±1 
I'A 


Input Capacitance 
C,N 
(NoteS) 
8 
pF 


Input Coding 
Binary, Offset Binary 


ANALOG OUTPUTS 


Digital Inputs = V,NH OUT1 
200 


Output Capacitance 
(Note S) 
COUT 
OUT2 
60 
pF 
Digital Inputs = V,NL OUT1 
60 
OUT2 
200 


POWER REQUIREMENTS 


Operating 
Supply Range 
Voo 
Accuracy 
Not Guaranteed 
+S 
+16 
V 


Power Supply Current 
100 
Digital Inputs = V,NHor V,NL 
2 
mA 


Note 1: 
Note 2: 
Note 3: 
Note 4: 
Note 5: 


VOUT1.2may exceed the Absolute Maximum Voltage rating if the current is limited to 30mA or less. 
AD7S41J/AiS 
are monotonic 
to 11 bits. 


AD7S41 KlBIT are monotonic 
to 12 bits. 


Maximum 
gain change from +2SoC to TMINor TMAXis ±4.2 LSBs using internal feedback resistor. 
Guaranteed 
by design but not 100% tested. 


______ 
Detailed Description 


The basic AD7541 
DAC circuit 
consists 
of a laser- 


trimmed, 
thin-film 
R-2R resistor 
array with 
NMOS 


current 
switches 
as shown 
in 
Figure 
1. Binarily 


weighted 
currents 
are switched 
to either 
OUT1 
or 


OUT2 depending on the status of each input bit. Most 
applications 
require only an output op-amp and refer- 
ence source. The VREF input accepts a wide range of 
signals 
including 
fixed and time varying 
voltage 
or 


current inputs. 


I 
Ii 
BIT IIMBB) 


Table 1. Code Table 
- 
Unipolar 
Binary 


DIGITAL INPUT 
ANALOG OUTPUT 
MSB 
LSB 


, ,, , ,,, , ,,, , 
-v 
(4095) 
REF 
4096 


, a a a 
a a a a 
a a a a 
-VREF (2048) 
:-'/2VREF 


4096 


a a a a 
a a a a 
a a a , 
-VREF (-'-)4096 


a a a a 
a a a a 
a a a a 
ov 


CMOS 12 Bit 
Multiplying 
D/A Converter 
_____ 
Appl/catlon 
Information 


Unlpol.r Oper.tlon 


The most common 
configuration 
for the AD7541 is 


shown 
in Figure 2. The circuit 
is used for unipolar 


binary 
operation 
and/or 
2-quadrant 
multiplication. 


The code table 
is given 
in Table 
1. Note that the 


polarity 
of the output 
is the inverse of the reference 


input. 


In many applications, 
gain adjustment 
of the AD7541 


will not be necessary. In those cases, and also when 
gain 
is trimmed 
but 
only 
at the 
reference 
source, 


resistors 
R1 and 
R2 in Figure 
2 can 
be omitted. 


However, if the trims are required and the DAC is to 
operate 
over 
a wide 
temperature 
range, 
then 
low 


tempco (<300ppm/°C) 
resistors should be used at R1 


and R2. 


"TRIM 
J/A/S 
KlB/T 
RESISTOR 


R1 
'0011 
10011 


R2 
4711 
3311 


Table 2. Code Table - 
Bipolar (Offset Binary) 
Operation 


DIGITAL INPUT 
ANALOG OUTPUT 
MSB 
LSB 
, , , , , , , , , , , , 
+VREF(2047 
) 
2048 


, a a a 
a a a a 
a a a , 
+VREF(-'-)2048 


, a a a 
a a a a 
a a a a 
ov 


a , , , , , , , , , , , 
-vREF (2~8) 


a a a a 
a a a a 
a a a a 
v 
(2048) 
- REF 
2048 


CMOS 12Bit 
Multiplying 
D/A Converter 


BIpolar OperatIon 


Bipolar, 
or 
four-quadrant, 
operation 
is shown 
in 
Figure 3. A second 
amplifier 
and three matched 
re- 


sistors 
are required. 
Matching 
to 0.01% is recom- 
mended 
for 12 bit performance. 
The code table for 
the output, 
which 
is "offset 
binary", 
is listed in Table 
2. In multiplying 
applications, 
the MSB determines 
output 
polarity 
while 
the 
other 
11 
bits 
control 
amplitude. 


Output Ampllflar 
Off•• t 


For best linearity, OUT1 and OUT2 should be termin- 
ated 
at exactly 
Ov. 
In most 
applications, 
OUT1 
is 
connected 
to the summing 
junction 
of an inverting 
op-amp. 
The amplifier's 
offset 
voltage 
can degrade 
the 
linearity 
of the 
DAC by causing 
OUT1 
to 
be 
terminated 
to a non-zero 
voltage. The resulting 
error 
is typically 
4/3Vos to 2Vos, a change of 2/3Vos. 
An 
amplifier with 3mV of offset will therefore degrade the 
linearity 
by 2mV, almost 
a full LSB with 
a 10V ref- 
erence voltage. For best linearity, a low-offset amplifier 
such as the MAX400 should be used, or the amplifier 
offset must be trimmed 
to zero. A good rule of thumb 
is that Vos should 
be no more than 1/10 of an LSB's 
value. 


An output 
amplifier's 
input bias current 
(IB) can also 
limit the DAC's performance 
since IB x RFB generates 
an offset error. IB should therefore 
be much less than 
the DAC output 
current 
for 
1 LSB, typically 
250nA 
with 
VREF = 10V. One tenth 
of this value, 25nA, 
is 
recommended. 
Offset 
and linearity 
can also be im- 
paired if the output 
amplifier's 
noninverting 
input 
is 
grounded through a "bias current compensation 
resis- 
tor." This 
resistor 
adds to the offset at this pin and 
should not be used. 


DynamIc ConsIderatIons 


In static or DC applications, 
the AC characteristics 
of 
the output 
amplifier 
are not critical. 
In higher speed 
applications, 
where 
either the reference 
input 
is an 
AC signal or the DAC output 
must quickly 
settle to a 
new programmed 
value, the AC parameters 
of the 
output op-amp must be considered. 


Another 
error source 
in dynamic 
applications 
is par- 
asitic 
coupling 
of signal 
from 
the VREF terminal 
to 
OUT1 or OUT2. This is normally 
a function 
of board 
layout and package lead-to-Iead capacitance. 
Signals 
can also be injected 
into the DAC outputs 
when the 
digital inputs are switched. This digital feedthrough 
is 
mostly 
dependent 
on circuit 
board 
layout 
and on- 
chip capacitive coupling. 
Layout induced feedthrough 
can be minimized 
with guard traces between digital 
inputs, VREF,and the DAC outputs. 


CompensatIon 


A compensation 
capacitor, C1, may be needed when 


the DAC is used with a high speed output 
amplifier. 


The purpose 
of the capacitor 
is to cancel 
the pole 


formed by the DAC's output capacitance 
and internal 
feedback resistance. Its value depends on the type of 
op-amp 
used 
but typical 
values 
range 
from 
10 to 


33pF. Too small a value causes output 
ringing 
while 


excess capacitance 
overdamps 
the output. 
The size 


of C1 can 
be minimized, 
and output 
settling 
per- 


formance 
improved, 
by keeping the PC board trace 


and stray capacitance 
at OUT1 as small as possible. 


GroundIng and BypassIng 


Since OUT1, OUT2 and the output 
amp's noninvert- 


ing input are sensitive to offset voltages, 
nodes that 
are to be grounded 
should 
be connected 
directly 
to 


"single 
point" 
ground 
through 
a separate, 
very low 


resistance (less than 0.20) path. The current at OUT1 
and OUT2 
varies with 
input 
code 
creating 
a code 


dependent 
error if these terminals 
are connected 
to 


ground 
(or a virtual ground) through 
a resistive path. 


A 1/olF bypass 
capacitor, 
in parallel 
with 
a 0.01/olF 


ceramic 
cap, should 
be connected 
as close to the 


DAC's Voo and GND pins as possible. 


The AD7541 
has high-impedance 
digital 
inputs. 
To 


minimize 
noise pick-up, they should 
be tied to either 


VDD or GND when not used. It is also good practice 
to connect 
active 
inputs 
to VDD 
or GND 
through 
high valued resistors (1MO) to prevent static charge 
accumulation 
if these pins are left floating, 
such as 


when a circuit card is left unconnected. 


~-1 


O.OilI" 


BIT 11 12.1B4mml 


BIT 10 


~~I~JXI~~I 
CMOS 12 Bit Multiplying 
D/A Converter 


_______ 
General Description 


The AD7541A 
is high performance 
CMOS 
mUltiplying 
12-bit digital-to-analog 
converter 
(DAC). 
Low power 
operation 
and 12 bit (0.012%) linearity 
make it suitable 


for 
a wide 
range 
of precision 
data acquisition 
and 
control 
applications. 


Wafer level laser trimmed 
thin-film 
resistors 
and tem- 
perature 
compensated 
NMOS 
switches 
assure 
true 
12-bit 
performance 
over the full 
operating 
tempera- 
ture 
range. 
In addition, 
all digital 
inputs 
are compat- 


ible with both CMOS 
and TTL logic levels. 


Maxim's 
AD7541A 
is electrically 
and pin compatible 
with the Analog 
Devices AD7541A 
and AD7541. Pack- 
age types 
include 
18-lead 
standard 
width 
DIP and 
Small Outline 
packages. 


Machine 
and Motion 
Control 
Systems 


Automatic 
Test Equipment 


J.lPControlled 
Calibration 
Circuitry 


Programmable 
Gain Amplifiers 


Digitally 
Controlled 
Filters 


Programmable 
Power Supplies 


• 
12 Bit Linearity 
(1/2 LSB) 


• 
1 LSB Gain Accuracy 


• 
Guaranteed 
Monotonic 


• 
Low Power Consumption 


• 
Four-Quadrant 
Multiplication 


• 
TTL and CMOS 
Compatible 


• 
Pln-For-Pln 
Second 
Source 
______ 
Orderlng Information 


PART 
TEMP. RANGE 
PACKAGE" 
ERROR 


AD7541AJN 
O°C to +70°C 
Plastic DIP 
1 LSB 


AD7541AKN 
O°C to +70°C 
Plastic DIP 
'h LSB 


AD7541AJCWN 
O°C to +70°C 
Small Outline 
1 LSB 


AD7541AKCWN 
O°C to +70°C 
Small Outline 
'h LSB 


AD7541AJC/D 
O°C to +70°C 
Dice 
1 LSB 


AD7541AAQ 
-25° C to +85° C 
CERDIP" 
1 LSB 


AD7541ABQ 
-25° C to +85° C 
CERDIP" 
'h LSB 


AD7541AAD 
-25° C to +85° C 
Ceramic 
1 LSB 


AD7541ABD 
-25° C to +85° C 
Ceramic 
'h LSB 


AD7541ASQ 
-55° C to +125° C 
CERDIP" 
1 LSB 


AD7541ATQ 
-55° C to +125° C 
CERDIP" 
'h LSB 


AD7541ASD 
-55° C to +125° C 
Ceramic 
1 LSB 


AD7541ATD 
-55°C to +125°C 
Ceramic 
'h LSB 


• All devices - 
IB/ead packages 


•• Maxim reserves the right to Ship Ceramic packages in lieu 01 
CERD/P packages 


Dun 
1 


DUTZ 
2 


GND 
3 


BIT 1 (MSB) 
• 


BITZ 
5 


BIT 3 
6 


BIT 4 
7 


BIT 5 
8 


BIT 6 
9 
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.NI .•••x,.N1 
is a registered 
trademark 
of Maxim Integrated 
Products 


Voo to GND 
-o.3V, +17V 
VREFto GND 
. . . . . . . . . . . . . . . . . . . . . . . . . . . .• . . . . . . . .. 
±25V 
RFato GND . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .•. . . . . . . .. 
±25V 
Digital Input Voltage to GND 
-o.3V, Voo 


Output Voltage (OUT1, OUT2) (Note 1) 
-o.3V, Voo 
Power Dissipation (Derate 6mWI"C above +75°C) 
450mW 


Operating Temperature Range 
Commercial 7541AJ/AK 
...............•....... 
OOCto +700C 


Industrial 7541AA1AB .................•..... 
-25° C to +85° C 


Military7541ASlAT 
-55°Cto+125°C 


Storage Temperature 
-£50C to +1500C 


Lead Temperature (Soldering 10 sees) 
+3000C 


Stresses above those listed under "Absolute Maximum 
Ratings" may cause permanent 
damage to the device. These are stress ratings only and functional 
operation at the device at these or any other conditions 
above those indicated in the operational 
sections of the specifications 
is not implied. Exposure to 
absolute maximum 
rating conditions 
for extended periods may affect device reliability. 


ELECTRICAL CHARACTERISTICS 
(TA = T MIN to T MAJ(,VDD = +15V, VREF = +10V, Voun 
= VOUT2 = GND, 
unless 
otherwise 
specified) 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN. 
TYp. 
MAX. 
I UNITS 


DC ACCURACY (Note 3) 


Resolution 
12 
Bits 


Relative Accuracy 
1 LSB = 0.024% FSR 
AD7541AJ/ANAS 
±1 
LSB 
112LSB = 0.012% FSR 
AD7541AKlAB/AT 
±1I2 


Differential 
Nonlinearity 
12 Bit Monotonicity 
AD7541AJ/ANAS 
±1 
LSB 
Guaranteed 
AD7541AKIAB/AT 
±1/2 


AD7541AJ/ANAS 
TA = +25°C 
±6 


Gain Error (Note 3) 
TM1Nto TMAX 
±8 


TA = +25°C 
±1 
LSB 


AD7541AKIAB/AT 
TMINtoTMAX 
±3 


Gain Temperature Coefficient 
2 
5 
ppml"C 


Output Leakage Current 
AD7541AJ/AKIANAB 
TA=+25°C 
±5 


(OUT1 with Digitai Inputs = OV. 
TM1Nto TMAX 
±10 
nA 
and OUT2 with Digital 
AD7541AS/AT 
TA = +25°C 
±5 


Inputs = Voo) 
TM1Nto TMAX 
±200 


Power Supply Rejection 
PSRR 
Voo = 15V ±5% 
TA = +25°C 
±O.01 
%1%Voo 
TM1Nto TMAX 
±O.02 


VREFInput Resistance 
RREF 
7 
11 
18 
kn 


VREFResistance Tempco 
-300 
ppml"C 


DIGITAL INPUTS 


Logic HIGH Threshold 
V,NH 
+2.4 
V 


Logic LOW Threshold 
V1Nl 
+0.8 


Input Leakage Current 
I'N 
Digital Inputs = OVor Voo 
TA = +25°C 
±O.001 


I'A 
TM1Nto TMAX 
±1 


Input Capacitance 
C,N 
(Note 2) 
8 
pF 


DYNAMIC PERFORMANCE (Note 2) 


Propagation 
Delay to 90% of 
Digital Input Change OVto Voo and Voo to OV, 
100 
ns 
Final Analog Output 
OUT1 Load = 100n, CEXT= 13pF, TA = +25° C 


Digital to Analog Glitch Impulse 
VREF= OV,Dig. Inputs = OVto Voo Dr Voo to OV 
1000 
nV-sec 


Multiplying 
Feedthrough 
Error 
VREF= ±10V, 10kHz Sinewave, TA = +25° C 
1 
mVp-p 


Output Current Settling Time 
Digital Input Change OVto Voo and Voo to OV, 
600 
ns 
to 0.01% of FSR 
OUT1 Load = 100n, CEXT= 13pF, TA = +25° C 


Digital Inputs = V,NH 
OUT1 
200 


OUT2 
70 
Output Capacitance 
COUT 
OUT1 
70 
pF 


Digital Inputs = V,NL 
OUT2 
200 


CMOS 12 Bit Multiplying 
D/A Converter 


ELECTRICAL CHARACTERISTICS (continued) 
(TA = T MIN to T MAX, 
VDD = +15V, VREF = +10V, VOUT1 = VOUT2 = GND, 
unless 
otherwise 
specified) 


PARAMETER 
SYMBOL 
I 
CONDITIONS 
I 
MIN. 
TYP. 
MAX. 
I UNITS 


POWER 
REQUIREMENTS 


Operating 
Supply 
Range 
Voo 
Accuracy 
Not Guaranteed 
+5 
+16 
V 


Digital 
Inputs = V,NH 
or V,NL 
2 
mA 


Power 
Supply 
Current 
100 
TA = +25°C 
tOO 
Digital 
Inputs = OV or Voo 
T MIN to T MAX 
500 
p.A 


Note 1: VOUT1,2 
may exceed 
the Absolute 
Maximum 
Voltage 
rating 
if the current 
is limited 
to 30m A or less. 


Note 2: Guaranteed 
by design 
but not 100% tested. 


Note 3: Measured 
using 
internal 
RFB and includes 
effect of Leakage 
Current 
and Gain Tempco. 
Gain Error can be trimmed 
to zero. 


Typical Operating 
Characteristics 


LOGIC 
INPUT 
THRESHOLD 
NONLINEARITY 
ERROR 
FEEDTHROUGH 
ERROR 
VOLTAGEvs. 


vo. DIGITAL 
CODE 
vo. FREQUENCY 
SUPPLY VOLTAGE (Voo) 


1.00 
16 
T. = +25"C 
T•• +25°C 
T•• ·25°C 
0.75 
Vou = +5V or +15V 
Voo' '15 V 
Voo-+10V 
VREf = +lOV 
VM" 2OV,., 
~ 
0.50 
£ 
OIGI~lINPUT• All LOW 
12 
= 
0.1 


Q 
0.25 
! 
> 
lli 
~ 
~ 
~ 
~ -0.25 
; onl 
VI"'24Y~ 
~ -0.50 
/ 
VIIlt,o.8V~ 


-0.75 
/ 


0.001 
/ 
C{?222d~ 


-1.00 
0 
1024 
2048 
3072 
4096 
103 
IQ4 
Ill' 
106 
0 
10 
15 
20 


OIGITAllNPUT 
COOE 
10ECIMAl) 
FREQUENCY 
1Hz) 
VonIVOLTSI 


NONLINEARITY 
vo. 


F~~gJ'~:g~ 
:t:~P't>~~E 
SUPPLY CURRENT 
vo. 


SUPPLY VOLTAGE 
SUPPLY VOLTAGE 
1.25 
1000 
T"'25°C 
!IOO 
T,"25°C 
V"', 
'IOV 
1.00 
~ 
800 


;;; 
e 
~700 
~ 
Q 
PHASElAG 
f' 0.75 
~ -3 
~600 


'" 
~ 
FREQUENCY 
RESPONSE 
~ 
I 
a 500 
i 0.50 
-6 
~400 
;;;,. 
TA. +25°C 
;;1300 
!!O 
Voo-·15V 
0.25 
::l 
-9 
VflfF·+IVRMI 
200 
OIGI~lINPUT,All 
HIGH 
100 
Rl'loon 
-12 
0 
10 
15 
Ik 
10k 
lOOk 
1M 
10M 
10 
15 


VonIVOlTS) 
FREQUENCY 
(Hzl 
Von(VOLTSI 


CMOS 12 Bit Multiplying 
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_______ 
Detailed 
Description 


The basic AD7541A DAC circuit 
consists of a laser- 
trimmed, 
thin-film 
R-2R resistor 
array with 
NMOS 
current 
switches 
as shown 
in 
Figure 
1. Binarily 
weighted 
currents 
are switched 
to either 
OUT1 or 
OUT2 
depending 
on the status 
of each 
input 
bit. 


Although the current at OUT1 or OUT2 will depend on 
the digital 
input 
code, the sum of the two 
output 
currents 
is always 
equal 
to 
the 
input 
current 
at 
VREFminus the termination 
resistor current (RT). 


Either current output can be converted into a voltage 
externally 
by adding 
an output 
amplifier 
(Figure 4). 


The 
VREF input 
accepts 
a wide 
range 
of signals 
including 
fixed and time varying 
voltage or current 
inputs. 
If a current 
source 
is used for the reference 
input, 
then 
a low 
temperature 
coefficient 
external 
resistor 
should 
be used for 
RFB to minimize 
gain 
variation with temperature. 


____ 
Equivalent 
Circuit Analysis 


Figures 2 and 3 show the equivalent 
circuits 
for the 
R-2R ladder 
when 
all digital 
inputs 
are LOW and 
HIGH 
respectively. 
The 
input 
resistance 
at VREF is 
nomi nally 
11kfl 
and does 
not change 
with 
digital 
input 
code. The IREF/4096 current 
source, which 
is 
actually the ladder termination 
resistor (RT, Figure 1), 
results in an intentional 
1-bit current 
loss to GND. 
The ILEAKAGEcurrent sources represent junction 
and 
surface leakage currents. 


Capacitors 
COUT1and COUT2represent the switches' 
ON 
and 
OFF capacitances 
respectively. 
When 
all 
inputs are switched 
from LOW to HIGH, the capaci- 
tance at OUT1 changes from approximately 
70pF to 
200pF. This capacitance 
is code-dependent 
and is a 
function 
of the 
number 
of 
ON 
switches 
that 
are 
connected to a specific output. 


I 
Ii 
BIT 1 (MSB) 


______ 
Circuit Configurations 


Unipolar Operation 


The most common 
configuration 
for the AD7541A is 


shown 
in Figure 4. The circuit 
is used for unipolar 


binary 
operation 
and/or 
2-quadrant 
multiplication. 
The 
code table 
is given 
in Table 1. Note that the 
polarity 
of the output 
is the inverse of the reference 
input. 


In 
many 
applications, 
gain 
adjustment 
of 
the 
AD7541A will not be necessary. In those cases, and 
also when gain is trimmed 
but only at the reference 
source, 
resistors 
R1 and 
R2 in 
Figure 
4 can 
be 


omitted. 
However, if the trims 
are desired 
and the 


DAC is to operate 
over a wide temperature 
range, 


then low tempco 
(<300ppm/°C) 
resistors should 
be 


used at R1 and R2. 


Rn 
Rn 


R-11kfl 


VREF 
Dun 
Dun 
- + 
t 


IlifF 
ILEAKAGE 
I 


200PF 


-= 
-= 
-= 
-= 
-= 
R-11kfl 
• 
VREF~ 
+~ 
illL 
t~llmAGE 1200PF 


• 
DUT2 
t~lLm", 
f7DPF 


DUT2 
- 
IIIEF 
4096 
I 
-= 
-= 
-= 
-= 
-= 


CMOS 12 Bit Multiplying 
D/A Converter 


"TRIM 
J/A/S 
K/B/T 
RESISTOR 


R1 
lOon 
lOon 
R2 
47n 
33n 


"TRIM 
J/A/S 
K/B/T 
RESISTOR 


R1 
100n 
lOon 
R2 
47n 
33n 


DIGITAL INPUT 
ANALOG 
OUTPUT 
MSB 
LSB 


1111 
1111 
1111 
V 
(4095) 
- REF 4096 


1 000 
o 0 0 0 
o 0 0 0 
-VREF(~g:) 
= -1/2VREF 


o 0 0 0 
o 0 0 0 
o 0 0 1 
-VREF(4~) 


o 0 0 0 
o 0 0 0 
o 0 0 0 
OV 


Table 2. Code Table - 
Bipolar (Offset Binary) 
Operation 


DIGITAL INPUT 
ANALOG 
OUTPUT 
MSB 
LSB 


1 
1 
1 
1 
1 1 
1 
1 
1 1 1 1 
+VREF(2047 ) 
2048 


1 0 
0 0 
o 
0 
0 
0 
000 
1 
+VREF(_1_) 
2048 


1 0 
0 0 
o 
0 
o 
0 
0 
o 
0 
0 
OV 


o 
1 
1 
1 
1 1 
1 
1 
1 
1 
1 
1 
-VREF(2~8) 


o 
0 
0 0 
0 
0 
o 
0 
o 
0 
o 
0 
-v 
(2048) 
REF 2048 


Blpo/er Operetlon 


With the circuit configuration 
in Figure 5, the AD7541A 
operates in the bipolar, or four-quadrant 
multiplying 
mode. 
A second 
amplifier 
and 
three 
matched 
re- 


sistors 
are required. 
Matching 
to 0.01% is recom- 
mended for 12 bit performance. 
The code table for 


the output, 
which 
is "offset binary", is listed in Table 
2. In multiplying 
applications. 
the MSB determines 
output 
polarity 
while 
the 
other 
11 bits 
control 


amplitude. 


To adjust the circuit, 
load the DAC with 
a code of 
1000 0000 0000 and trim R1 for a OV output. With R1 
and R2 omitted, 
an alternative 
zero trim is to adjust 
the ratio of R3 and R4 for OV out. Full scale can be 
trimmed 
by loading 
the DAC with all "zeros" 
or all 
"ones" and adjusting the amplitude of VREF or varying 
R5 until 
the desired 
positive 
or negative 
output 
is 
obtained. 
If gain and offset trims 
are not required, 


R1 and R2 in Figure 5 can be omitted. 


Volteg. Mod. (Slngl. Supply) 


The AD7541A is connected 
as a voltage output 
DAC 
in Figure 6. OUT1 is connected 
to the reference input 
and OUT2 is grounded. 
VREF. now the DAC output, is 
a voltage source with a constant output 
resistance of 
Rladder (nominally 
10k.o.). This 
output 
is 
usually 
buffered with an op--amp. 


Two advantages 
of voltage 
mode operation 
are single 
supply 
operation 
and that a negative 
reference 
is not 
required 
for a positive 
output. 
It should 
also be noted 
that the reference 
input (voltage at OUT1) must always 
be positive 
and is limited 
to no more than 2.5V when 
Voo is 15V. If the reference 
voltage 
is greater than 2.5V 
or Voo is reduced, 
resistance 
mismatches 
in the DAC's 
internal 
switches 
degrade 
linearity. 


_____ 
Applicatlon 
Information 


Output Amplifier 
Off•• t 


For best linearity, 
OUT1 and OUT2 should 
be termin- 
ated 
at 
exactly 
Ov. 
In 
most 
applications 
OUT1 
is 
connected 
to the summing 
junction 
of an inverting 
op-amp. The amplifier's 
input offset voltage can degrade 
the 
linearity 
of 
the 
DAC 
by 
causing 
OUT1 
to 
be 
terminated 
to a non-zero voltage. The resulting 
error is: 


Error Voltage = Vas(1 + RFB/Ral. 


where Vas is the op-amp's 
offset voltage and Ra is the 
output 
resistance 
of the DAC. Ra is a function 
of the 
digital 
input code, and varies from approximately 
10kO 
to 
30kO. 
The 
error 
voltage 
range 
is 
then 
typically 
4/3Vas 
to 2Vas, 
a change 
of 2/3Vas. 
An 
amplifier 
with 3mV of offset will therefore 
degrade 
the 
linearity 
by 2mV, almost a full LSB with a 10V reference 
voltage. For best linearity, a low-offset 
amplifier 
such as 
the 
MAX400 
should 
be used, or the amplifier 
offset 
must be trimmed 
to zero. A good rule of thumb 
is that 
Vas should 
be no more than 1/10 of an LSB's value. 


The output 
amplifier 
input 
bias current 
(IB) can also 
limit 
performance 
since 
IB x RFB generates 
an offset 
error. IB should 
therefore 
be much 
less than the DAC 
output currentfor 
1 LSB, typically 250nA with VREF=10V. 


One tenth of this value, 25nA, is recommended. 
Offset 
and linearity 
can also be impaired 
if the output 
ampli- 
fier's 
non inverting 
input 
is grounded 
through 
a "bias 
current 
compensation 
resistor". 
This 
resistor 
adds to 
offset at this pin and should 
not be used. Best perform- 
ance is obtained 
when the non inverting 
input is directly 
connected 
to ground. 


Dynamic Considerations 


In static or DC applications, 
the AC characteristics 
of 
the output 
amplifier 
are not critical. 
In higher 
speed 
applications, 
where 
either 
the 
reference 
input 
is an 
AC signal 
or the DAC output 
must quickly 
settle to a 
new 
programmed 
value, 
the 
AC 
parameters 
of the 
output 
op-amp 
must be considered. 


Another 
error source 
in dynamic 
applications 
is para- 
sitic 
coupling 
of 
signal 
from 
the 
VREF terminal 
to 
OUT1 
or OUT2. This is normally 
a function 
of board 
layout and package 
lead-to-Iead 
capacitance. 
Signals 
can also be injected 
into the DAC outputs 
when 
the 
digital 
inputs are switched. 
This digital 
feedthrough 
is 
usually dependent 
on circuit 
board layout and on-chip 
capacitive 
coupling. 
Layout 
induced 
feedthrough 
can 


be minimized 
with 
guard 
traces 
between 
digital 
in- 


puts, VREF,and the DAC outputs. 


Compensation 


A compensation 
capacitor, 
C1, may be needed 
when 
the DAC is used with 
a high speed 
output 
amplifier. 


The 
purpose 
of the capacitor 
is to cancel 
the 
pole 
formed 
by the DAC's output 
capacitance 
and internal 
feedback 
resistance. 
Its value depends 
on the type of 
op-amp 
used 
but 
typical 
values 
range 
from 
10 to 
33pF. Too small 
a value causes 
output 
ringing 
while 
excess 
capacitance 
overdamps 
the output. 
The size 
of 
C1 
can 
be minimized, 
and 
output 
settling 
per- 


formance 
improved, 
by keeping 
the PC board 
trace 
and stray capacitance 
at OUT1 as small as possible. 


Grounding and Bypassing 


Since OUT1, OUT2 and the output 
amp's noninverting 
input are sensitive 
to offset voltages, 
nodes that are to 
be grounded 
should 
be connected 
directly 
to "single 
point" 
ground 
through 
a separate, very low resistance 
(less than 0.20) 
path. The current 
at OUT1 and OUT2 
varies with input code, creating a code dependent 
error 
if these terminals 
are connected 
to ground 
(or a virtual 
ground) 
through 
a resistive path. 


A 
1/-lF bypass 
capacitor, 
in 
parallel 
with 
a 0.01/-lF 
ceramic 
cap, 
should 
be connected 
as close 
to the 
DAC's Voo and GND pins as possible. 


The 
7541A 
has 
high-impedance 
digital 
inputs. 
To 
minimize 
noise pick-up, 
they should 
be tied to either 
VDD orGND 
when not used. It is also good practice 
to 
connect 
active 
inputs 
to VDD or GND 
through 
high 
valued resistors (1MO) to prevent static charge accum- 
ulation 
if these pins are left floating, 
such 
as when a 
circuit 
card is left unconnected. 


'I 
v•• 


~ 


CMOSpP-Compafible 12-8if DAC 


_______ 
General Description 


The AD7542 is a CMOS 12-Bit digital-to-analog 
con- 
verter (DAC) which 
directly 
interfaces 
to both 8-bit 


and 4-bit 
microprocessors. 
Input data is loaded as 


three 4-bit bytes, and is then transferred to an internal 
12-bit DAC register. Data load and transfer 
interface 


timing 
is similar to that of a static RAM write cycle. 


A clear input is also provided which 
resets the DAC 


register to all zeros. This can be used to initialize the 
device on power 
up or during 
software 
calibration 


routines. 


Low power consumption, 
+5V operation, 
and multi- 


plying 
capability 
make 
the 
AD7542 
suitable 
for 


numerous 
high precision 
processor 
controlled 
DAC 


applications. 
The AD7542 is supplied 
in 16-lead DIP 


and Small Outline packages. 


Programmable 
Power Sources 


Portable Test Equipment 


Digitally 
Controlled 
Filters 


Auto-Calibration 
Circuitry 


Motion Control 
Systems 


14 V" 
12DGHD 


ADDRESS 
DECODE 
LDGIC 


700 
ILSII 
I 01 
5 02 


4 03IMSIJ 


• 
12-Blt 
Resolution 


• 
±1/2 
LSB Linearity 
Over Temperature 


• 
±1 
LSB Gain Accuracy 
(AD7542G) 


• 
5ppm/o C Max. Gain 
Drift 


• 
Microprocessor 
Compatible 


• 
40mW 
Max. Power 
Dissipation 


• 
+5V Operation 


PART 
TEMP. RANGE 
PACKAGE' 
ERROR 


AD7542JN 
DOC to +7DoC 
Plastic DIP 
±1 LSB 


AD7542KN 
DOC to +7DoC 
Plastic DIP 
±'h LSB 


AD7542GKN 
DOC to +7DoC 
Plastic DIP 
±'h LSB 


AD7542JCWE 
DOC to +7DoC 
Small Outline 
±1 LSB 


AD7542KCWE 
DOC to +7DoC 
Small Outline 
±'h LSB 


AD7542GKCWE 
DOC to +7DoC 
Small Outline 
±'h LSB 


AD7542JC/D 
DOC to +7DoC 
Dice 
±1 LSB 


AD7542AD 
-25°C to +85°C 
Ceramic 
±1 LSB 


AD7542BD 
-25° C to +85°C 
Ceramic 
±'h LSB 


AD7542GBD 
-25°C to +85°C 
Ceramic 
±'h LSB 


AD7542AQ 
-25°C to +85°C 
CERDIP" 
±1 LSB 


AD7542BQ 
-25°C to +85°C 
CERDIP" 
±'h LSB 


AD7542GBQ 
-25° C to +85°C 
CERDIP" 
±'h LSB 


AD7542SD 
-55°C to +125°C 
Ceramic 
±1 LSB 


AD7542TD 
-55°C to +125°C 
Ceramic 
±'h LSB 


AD7542GTD 
-55°C to +125°C 
Ceramic 
±'h LSB 


AD7542SQ 
_55°C to +125°C 
CERDIP" 
±1 LSB 


AD7542TQ 
-55°C to +125°C 
CERDIP" 
±'h LSB 


AD7542GTQ 
-55°C to +125°C 
CERDIP" 
±'h LSB 


• 
All 
devices 
- 
76 lead 
packages 
•.• Maxim 
reserves 
the 
right 
to ship 
Ceramic 
packages 
in lieu 
of 


CERDIP 
packages 


HI 


CMOS pP-Compat;ble 
12-8;t DAC 


Voo to AGND 
-0.3V, +7V 
Voo to DGND 
-0.3V, 
+7V 
AGND 
to DGND 
Voo 
DGND 
to AGND 
Voo 
Digital 
Input 
Voltage 
to DGND 
....•... 
-0.3V, Voo + 0.3V 
(Pins 
4-11, 13) 
Vp1N" VP1N2to AGND 
-0.3V, 
Voo + 0.3V 
VREF to AGND 
±25V 
VRFB to AGND 
±25V 


Power 
Dissipation 
450mW 
(derate 
6mWfOC 
above 
+70°C) 
Operating 
Temperature 
Range 
Commercial 
AD7542J. 
K, GK 
O°C to +70°C 
Industrial 
AD7542A, 
B, GB 
-25°C 
to +85°C 
Military 
AD7542S, 
T, GT 
-55°C 
to +125°C 
Storage 
Temperature 
-65°C 
to +150°C 
Lead 
Temperature 
(Soldering 
10 see) 
+300°C 


Stresses above those listed under "Absolute Maximum Retings" mey cause permenent damage to the device. These are stress retings only, and 
functional 
operation 
of the device 
at these or any other 
conditions 
above 
those indicated 
in the operational 
sections 
of the specifications 
is not 


implied. 
Exposure 
to absolute 
maximum 
ratings 
conditions 
for extended 
periods 
may affect 
device 
reliability. 


ELECTRICAL 
CHARACTERISTICS 
(TA = T MIN to T MAX' Voo = +5V, VREF= +10V, VOUT, = VOUT2 = GND, 
unless 
otherwise 
specified) 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
I UNITS 


DC ACCURACY 


Resolution 
12 
Bits 


AD7542J/AiS 
±1 


Non-Linearity 
AD7542K/BIT 
±0.5 
LSB 
AD7542GK/GB/GT 
±0.5 


AD7542J/AiS 
(Note 
1) 
±2 
Differential 
Non-Linearity 
AD7542K/BIT 
(Note 
2) 
±1 
LSB 
AD7542GK/GB/GT 
(Note 
2) 
±1 


AD7542J/K/ 
AlB/SIT 
TA = 25°C 
±12.3 
AD7542J/K/ 
AlB 
TMIN to TMAX 
±13.5 
AD7542SIT 
T MIN to TMAX 
±14.5 
Gain 
Error 
LSB 
AD7542GK/GB/GT 
TA = 25°C 
±1 


AD7542GK/GB 
TM1Nto T MAX 
±1 


AD7542GT 
TM1Nto TMAX 
±2 


Gain 
Temperature 
Coefficient 
2 
5 
ppm/oC 
.o.Gain/.o. Temperature 
(Note 
4) 


Power 
Supply 
Rejection 
PSRR 
Voo = +4.75V to +5.25V 
TA = 25°C 
0.005 
%/%Voo 
T MIN to TMAX 
0.01 


TA = 25°C 
1 
Output 
Leakage 
Current 
AD7542J/K/GK 
TMIN to TMAX 
10 
nA 
loun' 
10UT2(Note 
3) 
AD7542A/B/GB 
TMIN to TMAX 
10 
AD7542SIT/GT 
TMIN to TMAX 
200 


DYNAMIC 
PERFORMANCE 
(Note 
4) 


Output 
Current 
Settling 
Time 
To 1/2 LSB, Out1 
Load = 1000 
2 
I 
JiS 


Feedthrough 
Error 
VREF= ±10V 
10kHz sine wave 
~ 
2.5 
I mVpp 


REFERENCE 
INPUT 


Input 
Resistance 
(pin 
15) 
RREF 
< 
8 
15 
25 
kO 


ANALOG 
OUTPUT 
(Note 
4) 


COUT' 
DAC Register 
0000 0000 0000 
75 


Output 
Capacitance 
COUT' 
DAC Register 
1111 1111 1111 
260 
pF 
COUT2 
DAC Register 
1111 1111 1111 
75 
COUT2 
DAC Register 
0000 0000 0000 
260 


CMOSpP-Compalible 12-8il DAC 


ELECTRICAL CHARACTERISTICS 
(Continued) 


(TA = TMIN to T MAX' Voo = +5V, VREF = +10V, VOUT1 = VOUT2 = GND, 
unless 
otherwise 
specified) 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


LOGIC 
INPUTS 


Logic 
HIGH 
Voltage 
V,NH 
+3.0 
V 
Logic 
LOW Voltage 
V1Nl 
+0.8 


Logic 
Input 
Current 
I'N 
OV Dr Voo 
1 
pA 


Input 
Capacitance 
(Note 
4) 
C'N 
8 
pF 


SWITCHING 
CHARACTERISTICS 
(see Figure 
6) (Note 
5) 


Write 
Pulse Width 
tWR 
TA = 25°C 
120 
TM1Nto TMAX 
220 


Address-to-Write 
Hold 
Time 
tAWH 
TA=25°C 
50 
TMIN to TMAX 
65 
ns 


Chip 
Select-to-Write 
Hold 
tCWH 
TA = 25°C 
50 
TMIN to TMAX 
• 
100 


Minimum 
CLEAR 
Pulse 
Width 
tClR 
TA = 25°C 
200 
TMIN to TMAX 
300 


BYTE LOADING 


Chip 
Select-to-WRITE 
Setup 
tcws 
TA = 25°C 
60 
TMIN to TMAX 
130 


Address 
Valid-to-Write 
Setup 
tAWS 
TA = 25°C 
80 
TMIN to TMAX 
180 
ns 


Data Setup 
Time 
tos 
TA = 25°C 
50 
T MIN to TMAX 
65 


TA = 25°C 
50 


.. 


Data Hold 
Time 
tOH 
TMIN to TMAX 
65 


DAC LOADING 


Chip 
Select-to-WRITE 
Setup 
tcws 
TA = 25°C 
60 
TM1Nto TMAX 
150 
ns 


Address 
valid-to-Write 
Setup 
tAWS 
TA = 25°C 
120 
TMIN to TMAX 
240 


POWER 
SUPPLY 


Supply 
Voltage 
Voo 
5V ± 5% 
I 
4.75 
5.25 
V 


Supply 
Current 
I 
100 
I 
I 
2.5 
mA 


Note 
1: 
Monotonic 
to 11 bits 
from 
TMIN to TMAX 
Note 2: 
Monotonic 
to 12 bits 
from 
TMIN to TMAX 
Note 3: 
loun 
tested 
with 
DAC 
register 
loaded 
to all O's. 
IOUT2tested 
with 
DAC 
register 
loaded 
to all 1's. 
Note 4: 
Guaranteed 
by design 
but 
not tested. 
Note 5: 
Sample 
tested 
at +25°C 
to ensure 
compliance. 


_______ 
Detailed Description 


The basic AD7542 DAC circuit 
consists 
of a laser- 
trimmed, 
thin-film 
R-2R resistor 
array 
with 
NMOS 
current 
switches 
as shown 
in 
Figure 
1. Binarily 
weighted 
currents 
are switched 
to either 
OUT1 or 
OUT2 
depending 
on the status 
of each 
input 
bit. 


Although 
the current 
at OUT1 or OUT2 will depend 
on the digital 
input code, the sum of the two output 
currents 
is always equal to the input current at VREF 
minus the termination 
resistor current 
(RT)· 


Either current output can be converted into a voltage 
externally 
by adding 
an output 
amplifier 
(Figure 4). 


The VREFinput accepts a wide range of signals in- 
cluding 
fixed 
and time 
varying 
voltage 
or current 
inputs. 
If a current 
source is used for the reference 
input, 
then 
a low 
temperature 
coefficient 
external 
resistor 
should 
be used for 
RFB to 
minimize 
gain 
variation with temperature. 
____ 
Equivalent Circuit Analysis 


Figures 2 and 3 show the equivalent 
circuits 
for the 
R-2R ladder 
when 
all digital 
inputs 
are LOW and 
HIGH 
respectively. 
The input 
resistance 
at VRl=Fis 
nominally 
15kO and 
does 
not change 
with 
digital 
input 
code. The IREF/4096 current 
source, which 
is 
actually the ladder termination 
resistor (RT, Figure 1), 


results 
in an intentional 
1-bit current 
loss to GND. 
The ILEAKAGEcurrent sources represent junction 
and 
surface leakage currents. 


Capacitors 
CQUT1 and COUT2 represent the switches 
ON 
and 
OFF capacitances 
respectively. 
When 
all 
inputs are switched 
from LOW to HIGH, the capaci- 
tance at OUT1 changes from approximately 
75pF to 
260pF. This capacitance 
is code-dependent 
and is a 
function 
of the number of ON switches that are con- 
nected to a specific output. 


Figure 
2. AD7542 
DAC Equivalent 
Circuit, 


AI/ Digital 
Inputs 
LOW 


OUT2 


OUT1 


Figure 
1. AD7542 
Functional 
Diagram 
______ 
Circuit Configurations 


Unipolar Operation 


The most common 
configuration 
for the AD7542 is 
shown 
in Figure 4. The circuit 
is used for unipolar 
binary operation and/or 2-quadrant multiplication. 
The 
code table is given in Table 1. Note that the polarity of 
the output is the inverse of the reference input. 


In many applications, 
gain adjustment 
of the AD7542 
will not be necessary. In those cases, and also when 
gain 
is trimmed 
but only 
at the reference 
source, 


resistors 
R1 and 
R2 in 
Figure 
4 can 
be omitted. 


However, if the trims are desired and the DAC is to 
operate 
over 
a wide 
temperature 
range, 
then 
low 
tempco «300ppm/oC) 
resistors should be used at R1 
and R2. 


t~--'-LEA-KA-G-E-f--75p-F--" 
OUT2 
- 
- 
- 
- 


Figure 
3. AD7542 
DAC Equivalent 
Circuit, 


AI/ Digital 
Inputs 
HIGH 


CMOS pP.Compatible 
12·8it DAC 


RFB 
15 
oun 
1 
VREFNlAXINI 
AD7542 
OUT2 
2 
DGND 
AGND 
12 
3 


VOUT 


NlAXINI 
MAX400 


-nlIM 
J/AIS 
KlBIT 
RESISTOR 


R1 
1000 
1000 
R2 
470 
330 


"TRIM 
J/AIS 
KlBIT 
RESISTOR 


R1 
1000 
1000 
R2 
470 
330 


Blpo/a, Ope,atlon 


With the circuit configuration 
in Figure 5, the AD7542 


operates 
in the 
bipolar, 
or 4-quadrant 
multiplying 


mode. A second amplifier and three matched resistors 
are required. Matching to 0.01% is recommended 
for 


12 bit performance. 
The code table for the output, 
which 
is "offset binary", is listed in Table 2. In multi- 


plying 
applications, 
the MSB determines 
output 
po- 


larity while the other 11 bits control 
amplitude. 


DIGITAL 
INPUT 


MSB 
LSB 
ANALOG 
OUTPUT 


(4095 ) 
1111 
1111 
1 111 
-VREF 
4096 


1 000 
0000 
0000 
(2048)_ 
~ 
-VREF 
4096 
- - 
2 


0000 
0000 
0001 
-VREF 
( 40~6 ) 


0000 
0000 
0000 
OV 


Table 2. Code Table- 
Bipolar 
(Offset 
Binary) 
Operation 


DIGITAL 
INPUT 
MSB 
LSB 
ANALOG 
OUTPUT 


1 1 1 1 1 1 1 1 
1 1 1 1 
( 2047 ) 
+VREF 
2048 


1 000 
0000 
0001 
( 
1 
) 
+V 
-- 
REF 
2048 


1 000 
0000 
0000 
OV 


o 1 1 1 
1 1 1 1 1 1 1 1 
-VREF 
( 20~8 ) 


0000 
0000 
0000 
(2048 ) 
-VREF 
2048 


To adjust the circuit, 
load the DAC with a code of 


1000 0000 0000 and trim R1 for a OV output. With R1 
and R2 omitted, 
an alternative 
zero trim is to adjust 


the ratio of R3 and R4 for OV out. Full scale can be 
trimmed 
by loading 
the DAC with all "zeros" 
or all 
"ones" and adjusting the amplitude of V~EF or varying 
R5 until 
the desired 
positive 
or negative 
output 
is 


obtained. 
If gain and offset trims are not required, R1 


and R2 in Figure 5 can be omitted. 
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I.. 
ADDRESS 
BUS VALID 
.1 


Ao-Al 
!-_VV''HL===========~------ 


(PINS 
10. 11) 
~ 
jlAWH 
I 


: 
'\ 
: 
,---- 
I 
~ICWS__l 
~ICWH--j 
,- 
lAWS T=IWR---f------ 
f.-IOS+---.JIOH 


(p~~SD4~7) 
~X~',~x... 
_ 


'-- 
DATA BUS 
_I 
I 
VALID 
~ 


_________ 
Interface Logic 


Interlace Logic Information 


The AD7542 Truth Table is shown 
in Table 3. The 
high, 
middle 
and low byte, 4 bit data registers are 
loaded 
separately. 
The 
12-bit DAC register 
is then 
loaded with the contents of the 3 data registers. The 
interface 
timing 
(Figure 6) is the same as writing 
to 
static RAM. 


The CLR input asynchronously 
resets the 12-Bit DAC 
Register to Code 0000 0000 0000. In a unipolar mode 
the DAC output 
will be set to 0 volts. In the bipolar 
mode a CLR input resets the DAC output to -VREF. 


Notes: 
1. 1 indicates 
logic 
HIGH 
2. 0 indicates 
logic 
LOW 
3. X indicates 
don't 
care 
4.,r 
indicates 
LOW to HIGH 
transition 
5. MSB - 
XXXX 
XXXX 
XXXX 
- 
LSB 


high 
middle 
low 
byte 
byte 
byte 
6. These control 
signals 
are level triggered. 


AD7542 
Control 
Inputs 
AD7542 
Operation 
A1 
Ao 
CS 
WR 
CLR 


X 
X 
X 
X 
0 
Resets DAC 12-Bit 
Register 
to 
Code 0000 0000 0000 


X 
X 
1 
X 
1 
No Operation 
Device 
Not Selected 


0 
0 
0 S 
1 
Load LOW Byte'" 
Data Register 
On 
Edge As Shown 
Load 


0 
1 
0 S 
1 
Load MIDDLE 
Byte'" 
Applicable 
Data 
Data Register 
On 
Register 
Edge As Shown 
With 
Data 
1 
0 
0 S 
1 
Load HIGH 
Byte'" 
At 00-03 


Data Register 
On 
Edge As Shown 


1 
1 
0 1S 
1 
Load 12-Bit 
DAC Register 
With 
Data In LOW Byte, 
MIDDLE 
Byte & HIGH 
Byte 
Data 
Registers'S' 
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_____ 
Application Information 
Output Amplifier Offset 


For best linearity, 
OUT1 and OUT2 should be termi- 


nated exactly Ov. In most applications 
OUT1 is con- 


nected to the summing 
junction 
of an inverting 
op- 


amp. The amplifier's 
input offset voltage can degrade 


the 
linearity 
of the 
DAC by causing 
OUT1 
to 
be 


terminated 
to a non-zero 
voltage. The resulting 
error 


is: 


Error Voltage = Vos(1 + RFS/Rol. 


where Vos is the op-amp's 
offset voltage and Ro is 


the output 
resistance 
of the DAC. Ro is a function 
of 


the digital 
input code, and varies from approximately 


15kO to 45kO. The error voltage range is then typically 
4/3Vos to 2Vos, a change of 2/3Vos. An amplifier 
with 


3mV of offset will therefore 
degrade the linearity 
by 


2mV, almost a full LSB with a 10V reference voltage, 
For best linearity, 
a low-offset 
amplifier 
such as the 


MAX400 should 
be used, or the amplifier 
offset must 


be trimmed 
to zero. A good rule of thumb 
is that Vos 


should 
be no more than 1110of an LSB's value. 


The output 
amplifier 
input bias current 
(Is) can also 


limit performance 
since Is x RFS generates an offset 


error, Is should therefore 
be much less than the DAC 


output 
current 
for 1 LSB, typically 
250nA with VREF= 


10V. One tenth of this value, 25nA, is recommended. 
Offset and linearity 
can also be impaired if the output 


amplifier's 
noninverting 
input is grounded 
through 
a 


"bias 
current 
compensation 
resistor", 
This 
resistor 


adds to offset at this pin and should not be used. Best 
performance 
is obtained when the non inverting 
input 


is directly 
connected 
to ground. 


Dynamic Considerations 


In static or DC applications, 
the AC characteristics 
of 


the output 
amplifier 
are not critical. 
In higher speed 


applications, 
where either the reference 
input 
is an 


AC signal or the DAC output 
must quickly 
settle to a 


new programmed 
value, the AC parameters 
of the 


output 
op-amp 
must be considered. 


Another 
error source in dynamic applications 
is para- 


sitic 
coupling 
of signal 
from 
the 
VREF terminal 
to 


OUT1 or OUT2. This is normally 
a function 
of board 


layout and package lead-to-lead 
capacitance, 
Signals 


can also be injected 
into the DAC outputs 
when the 
digital inputs are switched. This digital feedthrough 
is 
usually 
dependent 
on circuit 
board 
layout 
and on- 


chip capacitive coupling. 
Layout induced feedthrough 


can be minimized 
with guard traces between digital 


inputs, VREF,and the DAC outputs. 


Companutions 


A compensation 
capacitor, 
C1, may be needed when 


the DAC is used with a high speed output 
amplifier. 


The purpose 
of the capacitor 
is to cancel 
the pole 


formed by the DAC's output capacitance 
and internal 


feedback 
resistance. 
Its value depends on the type of 


op-amp 
used 
but 
typical 
values 
range 
from 
10 to 


33pF. Too small a value causes output 
ringing 
while 


excess capacitance 
overdamps 
the output. 
The size 
of C1 can be minimized, 
and output settling 
perform- 


ance improved, 
by keeping 
the PC board trace and 


stray capacitance 
at OUT1 as small as possible. 


Grounding and Bypa•• /ng 


Since OUT1, OUT2 and the output amp's noninverting 
inputs are sensitive to offset voltages, nodes that are 
to 
be grounded 
should 
be connected 
directly 
to 


"single 
point" 
ground 
through 
a separate. 
very low 


resistance (less than 0.20) path. The current at OUT1 
and OUT2 
varies with 
input 
code, 
creating 
a code 


dependent 
error 
if these terminals 
are connected 
to 
ground 
(or a virtual ground) 
through 
a resistive path. 


A 
1tJF bypass 
capacitor, 
in parallel 
with 
a 0.01tJF 


ceramic 
cap, should 
be connected 
as close to the 


DAC's Vaa and GND pins as possible. 


The AD7542 
has high-impedance 
digital 
inputs. 
To 


minimize 
noise pick-up, 
they should be tied to either 


Vaa or GND when not used. It is also good practice 
to connect 
active inputs to Vaa or GND through 
high 


valued 
resistors 
(1MO) 
to 
prevent 
static 
charge 


accumulation 
if these pins are left floating, 
such as 
when a circuit 
card is left unconnected. 


1 


VREF 
15 


RFB 
16 


.100" 
2.54m 


jO 


;l 


OUT2 
2 
AGND 
3 
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_______ 
General Description 


The 
AD7543 
is 
a 
high 
precision 
12-bit 
digital-to- 


analog 
converter 
(DAC) 
which 
uses 
a serial 
rather 


than parallel 
input 
scheme 
for loading 
data. Included 


are a serial-to-parallel 
shift 
register, 
a separate 
DAC 


register, 
and a multiplying 
DAC. 


Serial data is clocked 
in at the SRI pin on the rising or 


falling 
edge (user selected) 
of the strobe 
input. 
When 


the input 
register 
is full, the contents 
are transferred 


to the DAC register 
using the load input. A clear input 


is provided 
to initialize 
the part asynchronously. 


The AD7543 features excellent 
gain stability 
(5ppm/oC 
max.) 
and operates 
from 
a single 
+5V power 
supply 


while 
dissipating 
about 
10mW. 


Remote 
Analog 
Systems 


Robotics 


Programmable 
Attenuators 


Automatic 
Test Equipment 


Auto-Calibration 
Systems 


I oun 


2 
OUT2 


3 
AGNO 


STBI 
4 


STB4 11 
!TI! 10 


STB2 
B 


14 V•• 


12 
DGND 


• 
Serial 
Interface 
• 
±'j, and ±1 
LSB Linearity 


• 
CLEAR 
Input 
For Initialization 


• 
Single 
+5V Supply 
Operation 


• 
5ppm/oC 
Gain Stability 


• 
1 LSB Max. Feedthrough 
At 10kHz 


• 
Small 
Size: 16-Lead 
DIP 


PART 
TEMP. RANGE 
PACKAGE" 
ERROR 


AD7543JN 
DOC to +7DoC 
Plastic 
DIP 
±1 LSB 


AD7543KN 
DOC to +7DoC 
Plastic 
DIP 
±I' 
LSB 


AD7543GKN 
DOC to +7DoC 
Plastic 
DIP 
±I' 
LSB 


AD7543JCWE 
DOC to +7DoC 
Small Outline 
±1 LSB 


AD7543KCWE 
DOC to +7DoC 
Small Outline 
±I' 
LSB 


AD7543GKCWE 
DOC to +7DoC 
Small Outline 
±I'LSB 


AD7543JC/D 
DOC to +7DoC 
Dice 
±1 LSB 


AD7543AD 
-25°C 
to +85°C 
Ceramic 
±1 LSB 


AD7543BD 
-25°C 
to +85°C 
Ceramic 
±'h LSB 


AD7543GBD 
-25°C 
to +85°C 
Ceramic 
±I' 
LSB 


AD7543AQ 
-25°C 
to +85°C 
CERDIP" 
±1 LSB 


AD7543BQ 
-25°C 
to +85°C 
CERDIP" 
±I' 
LSB 


AD7543GBQ 
-25°C 
to +85°C 
CERDIP" 
±I'LSB 


AD7543SD 
-55°C 
to +125°C 
Ceramic 
±1 LSB 


AD7543TD 
-55°C 
to +125°C 
Ceramic 
±I'LSB 


AD7543GTD 
-55°C 
to +125°C 
Ceramic 
±I'LSB 


AD7543SQ 
-55°C 
to +125°C 
CERDIP" 
±1 LSB 


AD7543TQ 
-55°C 
to +125°C 
CERDIP" 
±I'LSB 


AD7543GTQ 
-55°C 
to +125°C 
CERDIP" 
±I'LSB 


• All devices-16-pin 
peckages 


•• Maxim reserves the right 
to ship Ceramic packages in lieu of 


CERDIP packages. 


Dun 
1 


OUT2 
2 


AGNO 
3 


ST81 
4 
lOI 
5 


Ne 
6 


SRI 
7 


ST82 
8 


- 
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ABSOLUTE 
MAXIMUM 
RATINGS 


VDD to AGND 
-0.3V. +7V 


VDD to DGND 
-0.3V. 
+7V 


AG N D tD DG N D 
VDD 
DGND 
to AGND 
VDD 
Digital 
Input 
Voltage 
to DGND 
-0.3V, VDD + 0.3V 


(Pins 
4-11, 13) 
Vp1N', Vp1N2to AGND 
.............•... 
-0.3V, 
VDD + 0.3V 


VREF 
tD AGND 
±25V 


VRFB 
to AGND 
±25V 


Power 
Dissipation 
450mW 


(derate 
6mW/oC 
above 
+70°C) 
Operating 
Temperature 
Range 
Commercial 
AD7543J, 
K, GK 
O°C to +70°C 


Industrial 
AD7543A, 
B, GB 
-25°C 
to +85°C 


Military 
AD7543S, 
T, GT 
-55°C 
to +125°C 


Storage 
Temperature 
-65°C 
to +150°C 


Lead 
Temperature 
(Soldering 
10 see) 
+3OO°C 


Stresses above those iist.d 
under ''Absolute Maximum Ratings" may cause permanent damage to the device. These are stress ratings only, and 


functional 
operation 
of the device 
at these or any other 
conditions 
above 
those indicated 
in the operational 
sections 
of the specifications 
is not 


implied. Exposure to absolute maximum ratings conditions lor extended periods may aflect device reliability. 
ELECTRICAL 
CHARACTERISTICS 


(TA = TMIN to T MAX' VDD = +5V, VREF = +10V, VOUT, = VOUT2 = GND, 
unless 
otherwise 
specified) 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


DC ACCURACY 


Resolution 
12 
Bits 


AD7543J/AiS 
±1 
Non-Linearity 
AD7543K/BIT 
±0.5 
LSB 
AD7543GK/GB/GT 
±0.5 


AD7543J/AiS 
(Note 
1) 
±2 


Differential 
Non-Linearity 
AD7543K1BIT 
(Note 
2) 
±1 
LSB 
AD7543GK/GB/GT 
(Note 
2) 
±1 


AD7543J/K/ 
AlB/SIT 
TA = 25°C 
±12.3 
AD7543J/K/AiB 
TM1Nto TMAX 
±13.5 


Gain 
Error 
AD7543SIT 
TMIN to TMAX 
±14.5 
LSB 
AD7543GK/GB/GT 
TA = 25°C 
±1 
AD7543GK/GB 
TM1Nto TMAX 
±1 
AD7543GT 
TM1Nto TMAX 
±2 


Gain 
Temperature 
Coefficient 
2 
5 
ppm/oC 
LlGain/ LlTemperature 
(Note 
4) 


Power 
Supply 
Rejection 
PSRR 
VDD = +4.75V to +5.25V 
TA = 25°C 
0.005 
%/%VDD 
TMIN to TMAX 
0.01 


TA = 25°C 
1 
Output 
Leakage 
Current 
AD7543J/KlGK 
TMIN to T MAX 
10 
nA 
lOUT" 10UT2(Note 
3) 
AD7543A1B/GB 
TMIN to TMAX 
10 
AD7543SIT/GT 
TMIN to T MAX 
200 


DYNAMIC 
PERFORMANCE 
(Note 
4) 


Output 
Current 
Settling 
Time 
To 1/2 LSB, Outl 
Load = 1000 
2 
JlS 


Feedthrough 
Error 
VREF = ±10V 
10kHz sine wave 
2.5 
mVpp 


REFERENCE 
INPUT 


Input 
Resistance 
(pin 
15) 
RREF 
8 
15 
25 
kO 


ANALOG 
OUTPUT 
(Note 
4) 


Coun 
DAC Register 
0000 0000 0000 
75 


Output 
Capacitance 
Coun 
DAC Register 
1111 1111 1111 
260 
pF 
COUT2 
DAC Register 
1111 1111 1111 
75 
COUT2 
DAC Register 
0000סס oo 0000 
260 


Note 
1: 
Monotonic 
to 11 bits 
from 
TMIN to T MAX 


Note 2: 
Monotonic 
to 12 bits 
from 
TMIN to T MAX 


Note 3: 
loun 
tested 
with 
DAC 
register 
loaded 
to all O's. 


10UT2tested 
with 
DAC register 
loaded 
to all 1'so 


Note 4: 
Guaranteed 
by design 
but 
not tested. 


Note 5: 
Sample 
tested 
at +25°C 
to ensure 
compliance. 


2·90 
/ill/J XI/III 
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ELECTRICAL 
CHARACTERISTICS 
(Continued) 


(TA = T MIN to TMAX' VDD = +5V. VAEF = +10V, 
VOUT1 
= VOUT2 = GND. 
unless 
otherwise 
specified) 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


LOGIC 
INPUTS 


logic 
HIGH 
Voltage 
V1NH 
+3.0 


V 
logic 
lOW 
Voltage 
V1NL 
+0.8 


Logic 
Input 
Current 
IIN 
V1N 
= OV or VDD 
1 
pA 


Input 
Capacitance 
(Note 
4) 
CIN 
8 
pF 


SWITCHING 
CHARACTERISTICS 
(see Figure 
6) (Note 
5) 


tDS1 
TA = 25°C 
50 
TMIN to TMAX 
100 


tDS2 


TA = 25°C 
20 


Serial 
Input 
T MIN to TMAX 
40 


ns 
to Strobe 
Setup 
Time 
tDS3 


TA = 25°C 
0 
TM1Nto TMAX 
0 


tDS4 


TA = 25°C 
0 
TM1Nto TMAX 
0 


" 
TA = 25°C 
30 
tDH1 
TM1Nto TMAX 
60 


tDH2 


TA=25°C 
60 


Serial 
Input 
TMIN to TMAX 
120 


to Strobe 
Hold 
Time 
ns 


TA = 25°C 
80 
tDH3 
TM1Nto TMAX 
160 


tDH4 


TA=25°C 
80 
TM1Nto TMAX 
160 


SRI data 
pulse 
width 
tSAI 
TA = 25°C 
80 
T MIN to TMAX 
160 


STB1 
pulse 
width 
tSTB1 


TA = 25°C 
80 
T MIN to TMAX 
160 


STB2 
pulse 
width 
tSTB2 


TA = 25°C 
80 
TM1Nto TMAX 
160 


STB3 
pulse 
width 
tSTB3 


TA = 25°C 
100 


TM1Nto TMAX 
200 


STB4 
pulse 
width 
tSTB4 


TA = 25°C 
100 
TMIN to TMAX 
200 
ns 


load 
1 pulse 
width 
tLD1 


TA = 25°C 
150 
TMIN to TMAX 
300 


load 
2 pulse 
width 
tLD2 


TA = 25°C 
150 
TM1Nto TMAX 
300 


Time 
between 
strobing 
TA = 25°C 
0 
lSB 
into 
Register 
A and 
tASB 
TMIN to TMAX 
0 
loading 
Register 
B 


Clear 
pulse 
width 
tCLA 
TA = 25°C 
200 
TMIN to T MAX 
400 


POWER 
SUPPLY 


Supply 
Voltage 
VDD 
5V ± 5% 
4.75 
5.25 
V 


Supply 
Current 
100 
2.5 
mA 


______ 
Detailed Description 


The basic AD7543 
DAC circuit 
consists 
of a la'ser- 
trimmed, 
thin-film 
R-2R resistor 
array 
with 
NMOS 
current 
switches 
as 
shown 
in 
Figure 
1. Binarily 
weighted 
currents 
are switched 
to either 
OUT1 
or 
OUT2 
depending 
on the 
status 
of each 
input 
bit. 


Although 
the current 
at OUT1 or OUT2 will depend 
on the digital 
input code, the sum of the two output 
currents 
is always equal to the input current 
at VREF 
minus the termination 
resistor current 
(RT). 


Either current output can be converted 
into a voltage 
externally 
by adding 
an output 
amplifier 
(Figure 4). 
The VREFInput accepts 
a wide range of signals 
in- 
~Iuding 
fixed 
and 
time 
varying 
voltage 
or current 
Inputs. 
If a current 
source 
is used for the reference 
input, 
then 
a low 
temperature 
coefficient 
external 
resist~r 
sh~uld 
be used for 
RFB to 
minimize 
gain 
vanatlon 
With temperature. 
____ 
Equivalent Circuit Analysis 


Figures 2 and 3 show the equivalent 
circuits 
for the 
R-2R ladder 
when 
all 
digital 
inputs 
are LOW and 
HIGH 
respectively. 
The 
input 
resistance 
at Vfli=F is 
nominally 
15kO and 
does 
not 
change 
with 
digital 
Input code. 
The IREF/4096 current 
source, 
which 
is 
actually. the la~der t~rmination 
resistor (RT, Figure 1), 
results 
In an intentional 
1-bit current 
loss to GND. 
The ILEAKAGEcurrent 
sources represent junction 
and 
surface leakage currents. 


Capacitors 
COUT1 
and COUT2 
represent 
the switches 
ON 
and 
OFF 
capacitances 
respectively. 
When 
all 
inputs are switched 
from LOW to HIGH, the capaci- 
tance at OUT1 ch~nges ~rom approximately 
75pF to 
260pF. This capacitance 
IS code-dependent 
and is a 
function 
of the number of ON switches that are con- 
nected to a specific 
output. 


R = 15K 


VREF~ 
ij 


IREF 
= 


Figure 
2. AD7543 
DAC Equivalent 
Circuit, 


AI/ Digital 
Inputs 
LOW 


OUT2 


OUT1 
I 
I 
I 


A 
BIT 1 (MSB) 
BIT 2 


I 
I 
I 
1---H--i 
l 
l 
BIT 3 
BIT N (LSB) 


______ 
Circuit Configurations 


Unipolar Operation 


The most common 
configuration 
for the AD7543 is 
shown 
in FiQure 4. The circuit 
is used for unipolar 
binary operation and/or 2-quadrant multiplication. 
The 
code table i.sgive~ in Table 1. Note that the polarity of 
the output 
IS the Inverse of the reference 
input. 


In many applications, 
gain adjustment 
of the AD7543 
will not be necessary. In those cases 
and also when 
gain 
is trimmed 
but 
only 
at the 
reference 
source 
resistors 
R1 and 
R2 in 
Figure 
4 can 
be omitted: 


However, if the trims are desired and the DAC is to 
operate 
over 
a wide 
temperature 
range, 
then 
low 
tempco «300ppm/°C) 
resistors should be used at R1 
and R2. 


Ar-----I------ 
OUT2 
t¥' ILEAKAGE 
~ 
75pF 


Figure 3. AD7543 
DAC Equivalent 
Circuit, 


AI/ Digital 
Inputs 
HIGH 
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VOUT 


.NtAXI.Nt 
MAX400 


-TRIM 
J/K/A 
GK/GBI 


RESISTOR 
B/S/T 
GT 


R1 
1200 
100 


R2 
600 
50 


-TRIM 
J/K/A 
GK/GBI 


RESISTOR 
B/SIT 
GT 


R1 
1200 
100 
R2 
600 
50 


Bipola, Ope,ation 


With the c!rcuit configuration 
in Figure 5, the AD7543 


operates 
In the 
bipolar, 
or 4-quadrant 
multiplying 


mode. A second amplifier and three matched resistors 
are required. 
Matching 
to 0.01% is recommended 
for 


12 bit performance. 
The code table for the output 


which 
is "offset 
binary", is listed in Table 2. In multi~ 


plying 
aJ;>plications, the MSB determines 
output 
po- 


larity while the other 11 bits control 
amplitude. 


DIGITAL 
INPUT 


MSB 
LSB 
ANALOG 
OUTPUT 


1 1 1 1 
1 1 1 1 
1 111 
V 
(4095) 
- 
REF 
4096 


1 000 
0000 
000 
0 
V 
(2048)_ 
~ 
- 
REF 
4096 
- - 
2 


o 000 
0000 
0001 
-VREF 
( 40~6 ) 


000 
0 o 000 
o 0 0 0 
OV 


Table 2. Code Table- 
Bipolar (Offset Binary) Operation 


DIGITAL 
INPUT 


MSB 
LSB 
ANALOG 
OUTPUT 


1111 
1111 
1 111 
V 
( 2047 ) 
+ 
REF 
2048 


1 000 
o 0 0 0 
0001 
+V 
(_1 
) 


REF 
2048 


1 000 
0000 
o 000 
OV 
. 


01 
1 1 
1111 
1111 
-VREF 
( 20~8 ) 


000 
0 
0000 
0000 
V 
(2048) 


- 
REF 
2048 


To adjust 
the circuit, 
load the DAC with 
a code of 


100000000000 
and trim R1 for a OV output. With R1 


and R2 omitted, 
an alternative 
zero trim is to adjust 


the ratio of R3 and R4 for OV out. Full scale can be 
trimmed 
by loading 
the DAC with 
all "zeros" 
or all 


"ones" ~nd adjust.ing the amplitude 
of VFJEF or varying 


R5 until 
the desired 
POSitive or negative 
output 
is 


obtained. 
If ~ain and offset trims are not required, 
R1 


and R2 In Figure 5 can be omitted. 


CMOS Serial Input 12·8it DAC 


_________ 
Interface Logic 


Serial data is first loaded into the 12-bit Shift Register 
A, shown in the AD7543 functional 
diagram. 
Each bit 
of serial 
data appearing 
at pin SRI is clocked 
into 
Register 
A MSB first, 
by anyone 
of the four strobe 


inputs. 
STB1, STB2, 
and 
STB4 
all clock 
data 
into 
Shift 
Register 
A on the 
rising 
edge 
of the 
strobe 
pulse. STB3 clocks data into Register A on its falling 
edge. Table 3 illustrates the logic states for the control 
inputs. 
Figure 
6 shows 
the timing 
diagram 
for the 
loading 
sequence. 


Data is then 
transferred 
from 
Shift 
RegisteLA 
into 


Register 
B by momentarily 
moving 
both 
LD1 
and 


LD2, low. 


Bringing 
CLR input low asynchronously 
resets Regis- 


ter 
B to 0000 0000 0000. This 
initializes 
the 
DAC 


output voltage to a known condition. 
With the unipolar 


circuit 
of Figure 
4, a CLR results 
in a DAC output 


voltage of a volts. Usin~ 
bipolar 
circuit 
of.Figure 


5, momentarily 
bringing 
CLR low sets the DAC output 


voltage to its lowest value of -VREF. 


I 
I 
_ISRI~ 
I 


SRI ---V--B-I-T-l-'" 
BIT 2 
--.A 
MSB 
"'- 
_ 


10Sl, IOS2,10S4 
I 
STROBE 
INPUT 
~ 
1 
l~b~~)STB2, 
STB4) 
-..J t 


I 


~_BI_T_ll_..JX 


I-JllOl 
------- 
LOADING 
REGISTER 
A ---------_-, 
•• __ 
, 


tASB 


SS 
~ 


LOADING 
REGISTER 
B ~ 
WITH 
CONTENTS 
OF REGISTER 
A 


NOTE: 
STROBE 
WAVEFORM 
IS INVERTED 
IF 
STB3 IS USED TO STROBE 
SERIAL 
DATA 
BITS INTO REGISTER 
A. 


Figure 6. Timing 
Diagram 


Table 3. AD7543 
Truth Table 


A07543 
Logic 
Inputs 


Register 
A 
Register 
B 
A07543 
Operation 
Notes 
Control 
Inputs 
Control 
Inputs 


STB4 
STB3 
STB2 
STB1 
CLR 
L02 
L01 


0 
1 
0 
...f 
X 
X 
X 
Data Appearing 
At SRI Strobed 
Into Register 
A 
2, 3 


0 
1 
S 
0 
X 
X 
X 
Data Appearing 
At SRI Strobed 
Into Register 
A 
2, 3 


0 
1.- 
0 
0 
X 
X 
X 
Data Appearing 
At SRI Strobed 
Into Register 
A 
2,3 


S 
1 
0 
0 
X 
X 
X 
Data Appearing 
At SRI Strobed 
Into Register 
A 
2, 3 


1 
X 
X 
X 


X 
0 
X 
X 


X 
X 
1 
X 
No Operation 
(Register 
A) 
3 


X 
X 
X 
1 


0 
X 
X 
Clear 
Register 
B To Code 0000 0000 0000 
1,3 
(Asynchronous 
Operation) 


1 
1 
X 


1 
X 
No Operation 
(Register 
B) 
3 


1 


1 
0 
0 
load 
Register 
B With The Contents 
01 Register 
A 
3 


Notes: 
1. ClR 
= 0 Asynchronously 
resets Register 
B to 0000 0000 0000, but has no effect 
on Register 
A. 


2. Serial 
data is loaded 
into Register 
A MSB lirst, 
on edges shown J is positive 
edge "'l is negative 
edge. 


3. 0 = logic 
lOW, 
1 = logic 
HIGH, 
X = Don't 
Care. 


CMOS Serial Input 12·8it DAC 


_____ 
Application Information 


Output Amp/if/er 
Offset 


For best linearity, 
OUT1 and OUT2 should 
be termi- 


nated 
exactly 
at Ov. 
In most 
applications 
OUT1 
is 


connected 
to the summing 
junction 
of an inverting 


op-amp. 
The amplifier's 
input offset voltage can de- 


grade the linearity 
of the DAC by causing OUT1 to be 


terminated 
to a non-zero 
voltage. The resulting 
error 


is: 


Error Voltage = Vos(1 + RFalRo), 


where Vos is the op-amp's 
offset 
voltage 
and Ro is 


the output 
resistance 
of the DAC. Ro is a function 
of 


the digital 
input code, and varies from approximately 


15kO to 45kO. The error voltage range is then typically 
4/3Vos to 2Vos, a change of 2/3Vos. An amplifier 
with 


3mV of offset will therefore 
degrade 
the linearity 
by 


2mV, almost a full LSB with a 10V reference voltage. 
For best linearity, 
a low-offset 
amplifier 
such as the 


MAX400 should 
be used, or the amplifier 
offset must 


be trimmed 
to zero. A good rule of thumb 
is that Vos 


should 
be no more than 1/10 of an LSB's value. 


The output 
amplifier 
input bias current 
(IB) can also 


limit performance 
since Ie x RFB generates an offset 


error, IB should therefore 
be much less than the DAC 


output 
current 
for 1 LSB, typically 
250nA with VRI;F= 


10V. One tenth of this value, 25nA, is recommended. 
Offset and linearity 
can also be impaired 
if the output 


amplifier's 
non inverting 
input is grounded 
through 
a 


"bias 
current 
compensation 
resistor". 
This 
resistor 


adds to offset at this pin and should not be used. Best 
performance 
is obtained 
when the non inverting 
input 


is directly 
connected 
to ground. 


Dynamic Considerations 


In static or DC applications, 
the AC characteristics 
of 


the output 
amplifier 
are not critical. 
In higher speed 


applications, 
where 
either 
the reference 
input 
is an 


AC signal or the DAC output 
must quickly 
settle to a 


new programmed 
value, 
the AC parameters 
of the 


output 
op-amp 
must be considered. 


Another 
error source in dynamic 
applications 
is para- 


sitic 
coupling 
of signal 
from 
the 
VREF terminal 
to 
OUT1 or OUT2. This is normally 
a function 
of board 


layout and package lead-to-Iead 
capacitance. 
Signals 


can also be injected 
into the DAC outputs 
when the 
digital 
inputs are switched. 
This digital feedthrough 
is 


usually 
dependent 
on circuit 
board 
layout 
and on- 


chip capacitive coupling. 
Layout induced feedthrough 


can be minimized 
with guard traces 
between digital 


inputs, VREF,and the DAC outputs. 


Compensation 


A compensation 
capacitor, 
C1, may be needed when 


the DAC is used with a high speed output 
amplifier. 


The purpose 
of the capacitor 
is to cancel 
the pole 


formed 
by the DAC's output capacitance 
and internal 


feedback 
resistance. 
Its value depends on the type of 


op-amp 
used 
but 
typical 
values 
range 
from 
10 to 


33pF. Too small a value causes output 
ringing 
while 
excess capacitance 
overdamps 
the output. 
The size 


of C1 can be minimized, 
and output 
settling 
perform- 


ance improved, 
by keeping 
the PC board trace and 


stray capacitance 
at OUT1 as small as possible. 


Grounding and Bypassing 


Since OUT1, OUT2 and the output amp's noninverting 
inputs are sensitive to offset voltages, 
nodes that are 


to 
be grounded 
should 
be 
connected 
directly 
to 


"single 
point" 
ground 
through 
a separate, 
very 
low 


resistance (less than 0.20) path. The current 
at OUT1 


and 
OUT2 
varies 
with 
input 
code, 
creating 
a code 
dependent 
error 
if these terminals 
are connected 
to 
ground 
(or a virtual ground) 
through 
a resistive path. 


A 
1pF bypass 
capacitor, 
in 
parallel 
with 
a 0.01pF 


ceramic 
capacitor, 
should 
be connected 
as close to 


the DAC's VDD and GND pins as possible. 


The AD7543 
has high-impedance 
digital 
inputs. 
To 
minimize 
noise pick-up, 
they should 
be tied to either 


VDD or GND when not used. It is also good practice 
to connect 
active inputs to VDD or GND through 
high 
valued 
resistors 
(1MO) 
to 
prevent 
static 
charge 


accumulation 
if these pins are left floating, 
such as 


when a circuit 
card is left unconnected. 


1 


VREF 
lS 


RFB 
16 


0.100" 


2'S41:~T1 


OUT2 
2 
AGND 
3 


8 
STB2 


7 
SRI 


CMOS 12-Bit Buffered Multiplying DAC 


_______ 
General Description 


The AD7545 
is a 12-bit CMOS 
multiplying 
digital-to- 


analog 
converter 
(DAC) 
with 
internal 
data 
latches. 
Input 
data 
is 
loaded 
as a-.SiI1gle -.12=bit word 
and 


la1ched urmer the control 
of CS and WR inputs. When 


CS and WR are low, the input 
data latches 
are trans- 


parent 
and the DAC output 
responds 
to any changes 


in the digital 
input. 


AD7545 works with a single +5V or +15V power supply. 
Electrical 
characteristics 
are specified 
at both of these 


supply 
voltages. 
With a +5V supply, 
the digital 
inputs 


are +5V TTL and CMOS compatible 
while high voltage 


CMOS 
compatibility 
is maintained 
at 
+15V supply 


range. 


Maxim 
AD7545 
uses 
low 
tempco 
thin-film 
resistors 


which 
are laser-trimmed 
to result 
in linearity 
errors 


that are typically 
±% LSB and gain errors of maximum 


±1 
LSB (G grade). 


The digital 
inputs are designed 
with improved 
protec- 


tion 
against 
electrostatic 
discharge 
(ESD) 
damage 


and 
can 
typically 
withstand 
to over 
6,OOOV of 
ESD 


voltages. 


The 
AD7545 
is supplied 
in 20-lead 
narrow 
DIP and 


Small 
Outline 
packages. 


Motion 
Control 
Systems 


Automatic 
Test Equipment 


IJP Controlled 
Calibration 
Circuitry 


Programmable 
Gain Amplifiers 


Programmable 
Power 
Supplies 


loun 


2 AGND 


18 voo 


3 DGND 


• 
12-Bit 
Resolution 


• 
±1 
LSB Gain Accuracy 
(G Grade) 


• 
Single 
Supply 
Operation 


• 
Improved 
ESD Protection 


• 
CMOS/TTL 
Compatible 
for Voo 
= +5V 


• 
CMOS 
Compatible 
for Voo = +15V 


______ 
Ordering Information 


PART 
TEMP. RANGE 
PACKAGE" 
ERROR 


AD7545JN 
O·C to +70·C 
Plastic 
DIP 
±2 LSB 


AD7545KN 
O·C to +70·C 
Plastic 
DIP 
±1 LSB 


AD7545LN 
O·C to +70·C 
Plastic 
DIP 
±'h LSB 


AD7545GLN 
O·C to +70·C 
Plastic 
DIP 
±'h LSB 


AD7545JCWP 
O·C to +70·C 
Small Outline 
±2 LSB 


AD7545KCWP 
O·C to +70·C 
Small Outline 
±1 LSB 


AD7545LCWP 
O·C to +70·C 
Small Outline 
±'h LSB 


AD7545GLCWP 
O·C to +70·C 
Small Outline 
±'h LSB 


AD7545JC/D 
O·C to +70·C 
Dice 
±2 LSB 


AD7545AQ 
_25· C to +85· C 
CERDlp·· 
±2 LSB 


AD7545BQ 
-25· C to +85· C 
CERDlp·· 
±1 LSB 


AD7545CQ 
-25·C 
to +85·C 
CERDlp·· 
±'h LSB 


AD7545GCQ 
-25·C 
to +85·C 
CERDlp·· 
±'h LSB 


AD7545SD 
-55·C 
to +125·C 
Ceramic 
±2 LSB 


AD7545TD 
-55·C 
to +125·C 
Ceramic 
±1 LSB 


AD7545UD 
-55·C 
to +125·C 
Ceramic 
±'h LSB 


AD7545GUD 
-55· C to +125· C 
Ceramic 
±'h LSB 


AD7545SQ 
-55·C 
to +125·C 
CERDlp·· 
±2 LSB 


AD7545TQ 
-55·C 
to +125·C 
CERDlp·· 
±1 LSB 


AD7545UQ 
-55·C 
to +125·C 
CERDlp·· 
±'h LSB 


AD7545GUQ 
-55· C to +125· C 
CERDlp·· 
±'h LSB 


• All 
device~-20 
lead 
packages 


--Maxim 
reserves 
the 
right 
to 
ship 
Ceramic 
packages 
in 
lieu 
of 


CERDIP 
packages. 


ABSOLUTE 
MAXIMUM 
RATINGS 
(TA 
= +25°C 
unless 
otherwise 
stated.) 


Voo to DGND 
-0.3 to +17V 
Operating 
Temperature 
Ranges 
Digital 
Input 
Voltage 
to DGND 
...•.......... 
-0.3 to Voo 
J. K. L. GL .......................•...... 
O°C to +70°C 
VRFB• VREF to DGND 
.............•................ 
±25V 
A. B. C. GC 
-25°C 
to +85°C 


VOUTl 
to DGND 
-0.3 to Voo 
S. T. U. GU 
-55°C 
to +125°C 


AGND 
to DGND 
-0.3 to Voo 
Storage 
Temperature 
-65°C 
to +150°C 
Power 
dissipation 
to +75°C 
(any package) 
450mW 
Lead Temperature 
(Soldering 
10 seconds) 
+300°C 


Derate 
above 75° C by 
6mW/o C 


Stresses 
above 
those 
fisted 
under 
''Absolute 
Maximum 
Ratings" 
may 
cause 
permanent 
damage 
to the 
device. 
Th6se 
are 
stress 
ratings 
only 
and 
lunctional 
operation 01 the device at these or any other conditions above those indicated in the operational sections 01 the specification 
is not 
implied. 
Exposure 
to absolute 
Maximum 
ratings 
conditions 
(or extended 
periods 
may affect 
the device 
reliability. 


FULL-SCALE 
GAIN 
ERROR 


YS TEMPERATURE 


iil 
0.5 


Ul 
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:::!. 
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Cl 
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..J 
~ 
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LOGIC 
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VOLTAGE 
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A~ 
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CMOS 12·Bit Buffered Multiplying DAC 


ELECTRICAL 
CHARACTERISTICS 
(VDD = +5V, VAEF = +10V, VOUT1 
= OV, AGND 
= DGND. 
Over specified 
temperature 
range 
unless 
otherwise 
specified.) 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


STATIC 
PERFORMANCE 


Resolution 
N 
12 
Bits 


Relative 
Accuracy 
INL 
J,A,S 
±2 
LSB 
K,B,T 
±1 
LSB 
L,C,U 
±112 
LSB 
GL,GC,GU 
±112 
LSB 


Differential 
Non-Linearity 
DNL 
10-bit 
Monotonic 
J,A,S 
±4 
LSB 
12-bit 
Monotonic 
K,B,T 
±1 
LSB 
12-bit 
Monotonic 
L,C,U 
±1 
LSB 
12-bit 
Monotonic 
GL,GC,GU 
±1 
LSB 


Gain 
Error 
FSE 
J,A,S 
±20 
LSB 
(Note 
1) 
K,B,T 
±10 
LSB 


L,C,U 
TA = +25°C 
±5 
LSB 
Over Temp. 
±6 
LSB 


GL,GC,GU 
TA = +25°C 
±1 
LSB 
Over Temp. 
±2 
LSB 


Gain 
Tempco 
TCFS 
±2 
±5 
ppm/oC 
l>Gain/ l> Temp. 
(Note 
2) 


DC Supply 
Rejection 
PSR 
l>VDD = ±5'10 
TA = +25°C 
0.015 
%/% 
l>Gain/ l>VDD (Note 
2) 
Over Temp. 
003 
%/% 


DYNAMIC 
PERFORMANCE 


Current 
Settling 
Time 
ts 
To ±112 
LSB. OUT1 
Load 
is 1000hms. 


(Note 
2) 
CS = Ov. DAC output 
measured 
from 
falling 
2 
J1S 
edge 
of WR. 


Propagation 
Delay 
tpD 
From 
digital 
inputs, 


(Note 
2) 
DB11-DBO, 
change 
from 
VDD 
to OV or OV to VDD' 
to 90% of 
TA = +25°C 
300 
ns 
final 
analog 
output. 
OUT1 
load 
is: R = 1000hms/C 
= 13pF. 


Digital 
to Analog 
Q 
VAEF = AGND 
TA = +25°C 
400 
nV-s 
Glitch 
Impulse 


AC Feedthrough 
at OUT1 
FTE 
VAEF = ±10V, 10kHz sinewave, 
5 
mVp-p 
(Note 
3) 
DB11-DBO 
= ov. 


REFERENCE 
INPUT 


Input 
Resistance 
RAEF 
VAEF 
pin to AGND 
7 
11 
25 
kohms 


Input 
Resistance 
Tempco 
TCR 
-300 
ppm/oC 


Note 
1: 
Using 
internal 
feedback 
resistor, 
RFB. 
DAC 
register 
loaded 
with 
1111 1111 1111. Gain 
error 
is adjustable 
using 
the 


circuits 
of Figures 
3, 4 and 8. 
Note 
2: 
Guaranteed 
by design 
but not tested. 


Note 
3: 
In ceramic 
packages 
the feedthrough 
can 
be further 
reduced 
by grounding 
the metal 
lid of the package. 


Note 
4: 
Sample 
tested 
at 25°C 
to ensure 
compliance. 


Note 
5: 
See timing 
diagram 
for definitions 
of the switching 
times. 


CMOS 12·Bit Buffered Multiplying DAC 


ELECTRICAL 
CHARACTERISTICS 
(Continued) 


(Voo = +5V, VREF 
= +10V, VOUT1 
= OV, AGNO 
= OGNO. 
Over specified 
temperature 
range 
unless 
otherwise 
specified.) 


PARAMETER 
SYMBOL 
CONDiTIONS 
MIN 
TYP 
MAX 
UNITS 


ANALOG 
OUTPUTS 


OUTl 
Capacitance 
COUT1 


OBll-0BO 
= OV, WR = CS = OV 
70 
pF 


(Note 
2) 
OBll-0BO 
= Voo, WR = CS = OV 
200 
pF 


OUTl 
Leakage 
Current 
ILKG 
WR = CS = OV 
J,K,L,GL 
TA 
= +25°C 
10 
nA 


OBll-0BO 
= OV 
Over Temp. 
50 
nA 


A,B,C,GC 
TA 
= +25°C 
10 
nA 


Over Temp. 
50 
nA 


S,T,U,GU 
TA 
= +25°C 
10 
nA 


Over Temp. 
200 
nA 


DIGITAL 
INPUTS 


Input 
High 
Voltage 
V1H 
2.4 
V 


Input 
Low 
Voltage 
V1L 
0.8 
V 


Input 
Current 
IIN 
V1N = OV or Voo 
TA 
= +25°C 
±0.001 
±1 
J1.A 
Over Temp. 
±10 
J1.A 


Input 
Capacitance 
CIN 
V1N= OV; OBll-0BO 
5 
pF 


(Note 
2) 
V1N= OV; WR, CS 
20 
pF 


SWITCHING 
CHARACTERISTICS 
(Notes 
4, 5) 


Chip 
Select 
to Write 
tcs 
TA = +25°C 
280 
200 
ns 


Setup 
Time 
Over Temp. 
380 
270 
ns 


Chip 
Select 
to Write 
tCH 
0 
ns 
Hold 
Time 


Write 
Pulse Width 
tWR 
tcs 2: tWR' 
tCH 2: 0 
TA = +25°C 
250 
175 
ns 


Over Temp. 
400 
280 
ns 


Oata Setup 
Time 
tos 
TA = +25°C 
140 
100 
ns 


Over Temp. 
210 
150 
ns 


Oata Hold 
Time 
tOH 
, 
10 
ns 


POWER 
SUPPLY 


Supply 
Current 
100 
All digital 
inputs: 
V1Lor V1H 
2 
mA 
: OV or Voo, 
TA = +25°C 
10 
100 
J1.A 
: OV or Voo 
Over Temp. 
10 
500 
J1.A 


Note 
1: 
Using 
internal 
feedback 
resistor, 
RFB. 
OAC register 
loaded 
with 
1111 1111 1111. Gain 
error 
is adjustable 
using 
the 


circuits 
of Figures 
3, 4 and 8. 


Note 2: 
Guaranteed 
by design 
but not tested. 


Note 3: 
In ceramic 
packages 
the feedthrough 
can 
be further 
reduced 
by grounding 
the metal 
lid of the package. 


Note 4: 
Sample 
tested 
at 25°C 
to ensure 
compliance. 
Note 5: 
See timing 
diagram 
for definitions 
of the switching 
times. 


CMOS 12-Bit Buffered Multiplying DAC 


ELECTRICAL 
CHARACTERISTICS 


(VDD = +15V, VREF = +10V, VOUT' = OV, AGND 
= DGND. 
Over specified 
temperature 
range 
unless 
otherwise 
specified.) 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
I 
TYP 
MAX 
UNITS 


STATIC 
PERFORMANCE 


Resolution 
N 
12 
Bits 


Relative 
Accuracy 
INL 
J,A,S 
±2 
LSB 
K,B,T 
±1 
LSB 
L,C,U 
±112 
LSB 
GL,GC,GU 
±112 
LSB 


Differential 
Non-Linearity 
DNL 
10-bit 
Monotonic 
J,A,S 
±4 
LSB 
12-bit 
MonotDnic 
K,B,T 
±1 
LSB 
12-bit 
MonDtDnic 
L,C,U 
±1 
LSB 
12-bit 
Monotonic 
GL,GC,GU 
±1 
LSB 


Gain 
Error 
FSE 
J,A,S 
±25 
LSB 
(Note 
1) 
K,B,T 
±15 
LSB 
L,C,U 
±10 
LSB 


GL,GC,GU 
TA = +25°C 
±6 
LSB 
Over Temp. 
±7 
LSB 


Gain 
Tempco 
TCFS 
±2 
±10 
ppm/oC 
t.Gain/ 
t. Temp. 
(Note 
2) 


DC Supply 
RejectiDn 
PSR 
t.VDD = ±5% 
TA = +25°C 
0.01 
%/% 


t.Gain/ 
t. VDD (Note 
2) 
Over Temp. 
0.02 
%/% 


DYNAMIC 
PERFORMANCE 


Current 
Settling 
Time 
ts 
To ±1/2 
LSB OUTl 
LDad is 1000hms. 


(Note 
2) 
CS = OV~C 
Dutput 
measured 
from 
falling 
2 
/is 
edge 
Df WR. 


Propagation 
Delay 
tpD 
From 
digital 
inputs, 
(Note 
2) 
DBll-DBO, 
change 
from 
VDD 
to OV or OV to VDD, to 90% of 
TA = +25°C 
250 
ns 
final 
analog 
output. 
OUTl 
LDad 
is: R = 100Dhms/C 
= 13pF. 


Digital 
to Analog 
Q 
VREF= AGND 
TA = +25°C 
250 
nV-s 
Glitch 
Impulse 


AC Feedthrough 
at OUTl 
FTE 
VREF= ±10V, 
10kHz sinewave, 
5 
mVp-p 
(NDte 3) 
DBll-DBO 
= Ov. 


REFERENCE 
INPUT 


Input 
Resistance 
RREF 
VREFpin to AGND 
7 
11 
25 
kDhms 


Input 
Resistance 
Tempco 
TCR 
-300 
ppm/oC 


ANALOG 
OUTPUTS 


OUTl 
Capacitance 
COUll 
DBll-DBO 
= OV, WR = CS = OV 
70 
pF 


(Note 
2) 
DBll-DBO 
= VDD, WR = CS = OV 
200 
pF 


OUTl 
Leakage 
Current 
ILKG 
WR = CS = OV 
J,K,L,GL 
TA=+25°C 
10 
nA 
DBll-DBO 
= OV 
Over Temp. 
50 
nA 


A,B,C,GC 
TA = +25°C 
10 
nA 
Over Temp. 
50 
nA 


S,T,U,GU 
TA = +25°C 
10 
nA 
Over Temp. 
200 
nA 


DIGITAL 
INPUTS 


Input 
High 
Voltage 
V1H 
13.5 
I 
V 


Input 
LDW Voltage 
V1L 
1.5 
V 


Ell 
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ELECTRICAL 
CHARACTERISTICS 
(Continued) 
(VDD = +15V, VREF = +10V, VOUT1 
= OV, AGND 
= DGND. 
Over specified 
temperature 
range 
unless 
otherwise 
specified.) 


PARAMETER 
SYMBOL 
CONDITIONS 
I 
MIN 
TYP 
MAX 
UNITS 


DIGITAL 
INPUTS 
(Continued) 


Input 
Current 
I'N 
V,N = OV or VDD 
TA = +25°C 
±0.001 
±1 
pA 


Over Temp. 
±10 
pA 


Input 
Capacitance 
C'N 
V,N = OV; DB11-DBO 
5 
pF 
(Note 
2) 
V,N = OV; WR, CS 
20 
pF 


SWITCHING 
CHARACTERISTICS 
(Notes 
4, 5) 


Chip 
Select 
to Write 
tcs 
TA = +25°C 
180 
120 
ns 
Setup 
Time 
Over Temp. 
200 
150 
ns 


Chip 
Select 
to Write 
tCH 
0 
ns 
Hold 
Time 


Write 
Pulse 
Width 
tWR 
tcs 2': tWR' 
tCH 2': 0 
TA = +25°C 
160 
100 
ns 


Over Temp. 
240 
170 
ns 


Data Setup 
Time 
tDS 
TA = +25°C 
90 
60 
ns 


Over Temp. 
120 
80 
ns 


Data Hold 
Time 
tDH 
10 
ns 


POWER 
SUPPLY 


Supply 
Current 
IDD 
All digital 
inputs: 
V'L Dr V,H 
2 
mA 


: OV Dr VDD' 
TA = +25°C 
10 
100 
pA 
: OV Dr VDD 
Over Temp. 
10 
500 
pA 


Note 
1: 
Using 
internal 
feedback 
resistDr, 
RFB. 
DAC 
register 
loaded 
with 
1111 1111 1111. Gain 
error 
is adjustable 
using 
the 


circuits 
of Figures 
3, 4 and 8. 
Note 
2: 
Guaranteed 
by design 
but not tested. 


Note 
3: 
In ceramic 
packages 
the feedthrough 
can be further 
reduced 
by grounding 
the metal 
lid Df the package. 
Note 
4: 
Sample 
tested 
at 25°C 
to ensure 
compliance. 
Note 
5: 
See timing 
diagram 
for definitions 
of the switching 
times. 


________ 
Detailed Description 


D/A Conlferter 


The 
basic 
AD7545 
DAC circuit 
consists 
of a laser 
trimmed, 
thin-film 
R-2R resistor 
array 
with 
NMOS 


current 
switches 
as 
shown 
in 
Figure 
1. Binarily 
weighted 
currents 
are switched 
to either 
OUT1 
or 
AGND 
depending 
on the status 
of each 
input 
bit. 


Although 
the current at OUT1 and AGND will depend 


on the digital 
input code, the sum of the two output 
currents 
is always equal to the input current at VREF. 


Either current output can be converted 
into a voltage 
externally 
by adding 
an output 
amplifier 
(Figure 
3). 
The VREF 
input 
accepts 
a wide 
range of signals 
in- 
cluding 
fixed 
and 
time 
varying 
voltage 
or 
current 


inputs. 
If a current 
source 
is used for the reference 


input, 
then 
a low 
temperature 
coefficient 
external 


resistor 
should 
be used for 
RFB to 
minimize 
gain 


variation 
with temperature. 


The internal 
feedback 
resistor 
RF13 is compensated 
with an NMOS switch that matches the NMOS switches 
used in the R-2R array. This results in excellent supply 
rejection 
and gain temperature 
coefficient. 


The 
IOUT1 pin output 
capacitance, 
CgVT1' is code 
dependent 
and is typically 
70pF to 2 OpF, with 
all 


switches 
to AGND and IOUT1'respectively. 
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I 
I 
I 
I 
DB1 
DBO 
(LSB) 


OUT1 


AGND 


Digital Circuit 


The digital 
circuit 
for one bit is shown 
in Fjggre 2. 


The digital 
CONTROL 
sill.o-al is HIGH when WR and 


CS are both low. When WR and CS are tied low, the 
digital 
input directly 
controls 
the D/A switches. 
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The input 
buffer 
inverters 
act as a level shifter 
con- 
verting TTL levels into CMOS logic levels. These input 
buffers are CMOS/TTL 
compatible 
(O.8V and 2.4V) at 


Voo = +5V. The AD7545 also works with Vop = +15V 
where the input 
buffers 
are CMOS compatible 
(1.5V 


and 13.5V) only. With the digital 
input voltages at 1V 


to 6V the input 
buffers 
work 
in their 
linear 
regions 


drawing 
current 
from the power supply. Therefore 
to 


minimize 
high supply 
currents 
the digital 
input volt- 


ages should be kept as close to the supply and ground 
voltages 
(Voo and DGND) as possible. 


All digital 
inputs are ruggedized 
against electrostatic- 


discharge (ESD) sensitivity and can typically 
withstand 


ESD voltages 
of over 6kV. 


I, 
ICSi'CH1 
CHIP 
~ 
'r- voo 


SELECT 
\....-- 
1 
0 


I--IWR ----I 
----I 
I.._---voo 
WRITE 
'( 
1 
\...----~'OH 
f--Ios 
_,- 
V--voo 


(DBg~6~11~ 
J){~:~DATA VALID 
"-- 
0 


MODE 
SELECTION 


HOLD 
MODE: 


Either CS or WR high, dala bus 
(DBO-DB11) 
is locked 
oul; 
DAC 
holds I~ 
data present when 
WR or CS assumed 
high stale. 


WRITE 
MODE: 


CS and WR low, DAC responds 
10 dala bus (DBO-DB11) 
inpuls. 


NOTES: 


Voo 
= +5V, I, = I, = 20ns 
Voo 
= +15V, tr = If ;: 40n5 
All input signal 
rise and fall times measured 
from 
10% to 


90% of Voo. 
Timing 
measurement 
reference 
level is (VIH + Vld/2. 


______ 
Circuit Configurations 


Unipolar Operation 


The most common 
configuration 
for the AD7545 
is 


shown 
in Figure 3. This circuit 
is used for unipolar 


binary operation 
or two-quadrant 
multiplication. 
The 


V,N 
19 


R1· 


TRIM 
GLN/GCQ/ 


RESISTOR 
IN/AQ/SD 
KN/BQITD 
LN/CQ/UD 
GUD 


R1 
5000 
2000 
1000 
200 


R2 
1500 
680 
330 
6.80 


TABLE 
A. 
RECOMMENDED 
TRIM 
RESISTOR 
VALUES 
••. 


GRADES 
FOR voo = +5V 


Figure 
3. Unipolar 
Binary 
Operation 


Table 1. Unipolar 
Binary 
Code Table for 
Circuit 
of Figure 3 


DIGITAL 
INPUT 


MSB 
LSB 
ANALOG 
OUTPUT 


(4095 ) 
1111 
1111 
1 111 
-V'N 
4096 


1 000 
0 0 0 0 
000 
0 
( 2048 ) 


-V'N 
4096 
= -1/2 V'N 


o 000 
0 0 0 0 
000 
1 
-V1N ( 4d96 ) 


o 0 0 0 
000 
0 
0 0 0 0 
0 


code table for this mode is given in Table 1. Note that 
the polarity of the output is the inverse of the reference 
voltage, VREF. 


In many applications 
the gain adjustment 
will not be 


necessary, especially 
when using the "G" suffix parts 


with 
guaranteed 
maximum 
±1 
LSB gain 
errors. 
In 
those cases and also when the gain is trimmed 
at the 


reference source, resistors R1 and R2 in Figure 3 can 
be omitted. 
However, if the trims are desired and the 
DAC is operated 
over a wide temperature 
range, then 
low tempco 
«300ppm/°C) 
resistors 
should 
be used 


for R1 and R2. 


The capacitor 
C1 provides 
phase compensation 
and 
helps 
reduce 
the overshoot 
and ringing 
when 
using 
fast amplifiers 
at the output 
of the DACs. 


Sipolar Operation 


With the circuit 
configuration 
shown 
in Figure 
4, the 
AD7545 
operates 
in the bipolar, 
or 4-quadrant 
multi- 
plying 
mode. 
A second 
amplifier 
and three 
matched 
resistors, 
R3, R4 and R5 are required. 
These 
resistors 
must be of the same material 
(preferably 
metal film or 
wire-wound) 
for good temperature 
characteristics, 
and 
they 
should 
match 
to 0.01% for 
12-bit 
performance. 


Table 2. 2'5 Complement 
Code Table for 
Circuit of Figure 4 


DIGITAL 
INPUT 


MSB 
LSB 
ANALOG 
OUTPUT 


01 
1 1 
1111 
1 
(2047 
) 
111 
+V1N 
2048 


o 0 0 0 
o 0 0 0 
00 
0 1 
+V1N 
( 2~48 ) 


000 
0 
o 0 0 0 
000 
0 
0 


1111 
1111 
1111 
-V1N 
( 20~8 ) 


1 000 
o 000 
0000 
( 2048 ) 
-V1N 
2048 


To adjust 
the circuit 
with offset 
binary 
code, 
load the 
DAC with a code of 1000 0000 0000 and trim 
R1 for a 
OV output. 
With 
R1 and 
R2 omitted, 
an alternative 
zero trim is to adjust the ratio of R3 and R4 for OV out. 
Full scale can be trimmed 
by loading 
the DAC with all 


"zeros" 
or all "ones" 
and adjusting 
the amplitude 
of 


VREF or varying 
R5 until the desired 
positive 
or nega- 


tive output 
is obtained. 
In many applications 
the gain 
adjustment 
will 
not 
be 
necessary, 
especially 
when 
using 
the "G" suffix 
parts with guaranteed 
maximum 
±1 LSB gain errors. 
In those cases and also when the 
gain 
is trimmed 
at the reference 
source, 
resistors 
R1 
and 
R2 in Figure 
4 can 
be omitted. 
However,if 
the 


trims are desired 
and the DAC is operated 
over a wide 
temperature 
range, 
then 
low tempco 
«300ppm/°C) 


resistors 
should 
be used for R1 and R2. 


___ 
(Voltage Mode) Single Supply 


The AD7545 can be conveniently 
used in single supply 


(voltage mode) operation 
with OUT1 and AGND biased 
at any voltage between DGND and Voo. This is possible 
since 
the ladder 
termination 
resistor 
is connected 
to 
AGND. 
OUT1 
and AGND 
must 
not be allowed 
to go 
0.3V lower or higher 
than the DGND 
or Voo, respec- 
tively. Otherwise, 
internal 
diodes 
would 
turn on and a 
heavy current flow from the supply, possibly 
destroying 
the device. 


Figure 
5 shows 
the AD7545 
connected 
as a voltage 
output 
DAC. 
OUT1 
is connected 
to 
the 
reference 
input 
and AGND 
is grounded. 
VREF pin, now the DAC 
output, 
is a voltage source 
with a constant 
impedance 
equal 
to 
the 
reference 
input 
resistance 
(typically 


11kohms). 
This 
output 
should 
be buffered 
with 
an 


op-amp 
when 
a lower 
output 
impedance 
is required. 


RFB pin is not used in this mode. 


DIGITAL 
INPUT 


MSB 
LSB 
ANALOG 
OUTPUT 


1111 
1111 
1 111 
( 2047 ) 
+VREF 
2048 


1 00 
0 o 000 
0001 
+VREF 
( 20~8 ) 


1 00 
0 o 000 
000 
0 
0 


o 1 1 1 
1111 
1111 
-VREF 
( 20~8 ) 


o 0 0 0 
00 
0 0 
o 0 0 0 
( 2048 ) 
-VREF 
2048 


The code table for the output, 
which 
is 2's complement 
is listed 
in Table 
2. In multiplying 
applications, 
the 
MSB 
determines 
output 
polarity 
while 
the 
other 
11 
bits control 
amplitude. 
The 
U1 inverter 
on the 
MSB 
line converts 
the 2's complement 
input code to offset- 
binary 
code. If this inversion 
is done in software 
using 
an exclusive-OR 
instruction 
or the 
input 
code 
is in 
offset 
binary, 
the U1 inverter 
can be omitted. 
Table 3 
shows the code relationships 
to output 
voltage 
for the 
offset 
binary 
operation. 
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The input 
impedance 
of the reference 
input 
(OUT1) 


for this 
mode 
is code 
dependent, 
and 
the 
response 
time 
of the circuit 
depends 
on the behaviour 
of the 


reference 
source 
with 
changing 
load conditions. 


Two advantages 
of the 
voltage 
mode 
operation 
are 
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single 
supply 
operation 
and that a negative 
reference 


is not required 
for a positive 
output. 
It should 
also be 


noted 
that the reference 
input 
(the voltage 
at OUT1) 


must 
always 
be positive 
and 
is limited 
to 
no 
more 


than 2.5V when Voo is 15V If the reference 
voltage 
is 


greater 
than 
2.5V or Voo is reduced, 
resistance 
mis- 


matches 
in the DAC's internal 
NMOS 
switches 
result 
in 
degraded 
linearity 
and 
differential 
nonlinearity 


(DNL). 
Figures 
6 and 7 show the typical 
dependence 


of 
DNL 
on 
supply 
voltage, 
VOD' 
and 
the 
reference 


voltage, 
VR.E.F'If the 
DAC 
is offset 
from 
DGND 
by 


biasing 
OUT1 
and AGND 
at a voltage 
above 
DGND, 


this will effect 
DNL and its effect 
will 
be the same as 


reducing 
Voo by the amount 
of the offset. 


18 


VDD 


NlAXINI 
VREF 19 
AD7545/ 
MAX7645 


Figure 
5. Single 
Supply 
Operating 
Using 
Voltage 


Switching 
Mode 


DNL 
(LSB) 


+2.0 


+5 
+10 
+15 


VDD (VOLTS) 


Figure 
6. 
Differential 
Nonlinearity 
vs. VDO for Figure 
4 
Circuit. 
Reference 
Voltage 
= 2.5 Volts. Shaded 
Area 
Shows 
Range 
of 
Values of Differential 
Nonlinearity 
that 
Typically 
Occur 
for L, C and 
U Grades. 


The unipolar 
and bipolar 
circuits 
in Figures 
3 and 4 


can 
all 
be converted 
to 
voltage 
output 
mode. 
For 


example, 
Figure 
8 shows 
the 2's complement 
bipolar 


circuit 
of Figure 
4 modified 
to work 
with 
an output 


range of +2V to +8V around 
an offset ground 
potential 
of +5V from a single 
supply, 
VOD' 
of +10V to 1SV The 
REF02 
reference 
is used 
to 
bias the 
AGND 
at +SV 


The R1 and R2 resistors form a voltage divider together 


+5 


VREF (VOLTS) 


Figure 
7. 
Differential 
Nonlinearity 
vs. Reference 
Voltage 


for Figure 
4 Circuit. 
VDO 
= 15 Volts. Shaded 
Area 
Shows 
Range 
of 
Values of Differential 
Nonlinearity 
that 
Typically 
Occur 
for L, C, and 


U Grades. 
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with the DAC reference 
input 
resistor, supplying 
the 
DAC with +2V input voltage. If the application 
requires 
a wide temperature 
range, the +2V should 
be gener- 
ated with an op-amp 
to avoid drifts 
due to tempco 
matching of the DAC resistors to the external resistors. 
Output 
voltage ranges can be produced 
by changing 
R4 to change the offset, and (R1 + R2) to change the 
gain (slope) of the DAC transfer 
function. 
To ensure 
good linearity, 
the supply 
voltage, Voo, must be kept 
at least +5V above the OUT1 voltage. 


____ 
Microprocessor Interlacing 


The 
AD7545 
directly 
interfaceL10 
8- 
and 
16-bit 
microprocessors 
using standard 
WR and CS control 
signals and its 12-bit data latch. 


Figure 9 shows a typical 
interface 
circuit 
for an 8-bit 
processor. 
This 
application 
uses two 
memory 
ad- 
dresses for the lower 8 bits and the upper 4 bits of 
data to the DAC. A 4-bit external 
latch is required 
to 
facilitate 
the interface. 


For processors 
with 
16-bit wide address 
busses and 
8-bit data busses, such as 6800, 8080 and Z80, the 12 
lower address lines can be used to supply data to the 
DAC, as shown in Figure 10. The upper 4 bits contain 
the address of the DAC that is selected. This arrange- 
ment takes 4k bytes of address 
locations 
for each 
DAC and the data is written 
with a single 
instruction 
cycle into the DAC. 


8·BIT 
DATA BUS 


'00 
~ DECODED 
ADDRESS 
FOR 
DAC 
a; ~DECODED 
ADDRESS 
FOR 
LATCH 


_____ 
Application Information 
Output Amplifie, 
Offset 


For best linearity, 
OUT1 and AGND should 
be termi- 
nated 
at exactly 
Ov. In most 
applications 
OUT1 
is 
connected 
to the summing 
junction 
of an inverting 
op-amp. 
The input offset voltage of the amplifier 
can 
degrade the linearity 
of the DAC by causing 
OUT1 to 
be terminated 
to a non-zero 
voltage. 
The resulting 
error is: 


where Vas is the op-amp's 
offset voltage 
and Ra is 
the output 
resistance 
of the DAC. Ra is a function 
of 
the digital 
input code and varies from approximately 
11kohms to 33kohms. The error voltage range is then 
typically 
4/3 Vas to 2 Vas, a change 
of 2/3 Vas. An 
amplifier 
with 3mV of offset will therefore 
degrade the 


Figure 
10. Connecting 
the AD7545 
to 8-Bit 
Processors 
via 


the Address 
Bus 


linearity by 2mV, almost a full LSB with a 10V reference 
voltage. For best linearity, a low-offset 
amplifier 
such 
as the MAX400 should be used, or the amplifier 
offset 
must be trimmed to zero. A good rule of thumb is that 
Vas should 
be no more than 1/10 LSBs. 
The output 
amplifier 
input bias current 
(lB) can also 
limit performance 
since Ie x RFB generates 
an offset 
error. IB should therefore 
be much less than the DAC 
output current 
for 1 LSB, typically 
250nA with VRI;F= 
10V. One tenth of this value, 25nA, is recommended. 
Offset and linearity 
can also be impaired 
if the output 
amplifier 
noninverting 
input 
is grounded 
through 
a 
"bias 
current 
compensation 
resistor". 
This 
resistor 
adds to the offset at this pin and should 
not be used. 


Best performance 
is obtained 
when the noninverting 
input is directly 
connected 
to ground. 
Dynamic Conside,ations 


In static or DC applications, 
the AC characteristics 
of 
the output 
amplifier 
are not critical. 
In higher 
speed 
applications, 
where either 
the reference 
input 
is an 
AC signal or the DAC output 
must quickly 
settle to a 
new programmed 
value, the AC parameters 
of the 
output 
op-amp 
must be considered. 


Another 
error source in dynamic 
applications 
is para- 
sitic 
coupling 
of signal 
from 
the VREFpin to OUT1. 


This is normally 
a function 
of board layout and pack- 
age 
lead-to-Iead 
capacitance. 
Signals 
can 
also 
be 
injected 
into the DAC outputs 
when the digital 
inputs 
are switched. 
This digital 
feedthrough 
is usually 
de- 
pendent on circuit board layout and on-chip capacitive 
coupling. 
Layout 
induced 
feedthrough 
can be mini- 
mized with guard traces between digital 
inputs 
VREF 
and OUT1 pins. 
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The DAC~utput 
follows 
the digital 
inputs 
when the 


WR and CS pins are low. In those systems where the 
data is not valid for the full period where WR is low, 
invalid outputs 
and voltage glitches 
can appear at the 
DAC output. 
Adjusting 
the timing 
of the WR signal so 


that it is low only when data is valid eliminates 
this 


problem. 
Compensation 


A compensation 
capacitor, 
C1, may be needed when 


the DAC is used with a high-speed 
output 
amplifier. 


The purpose 
of the capacitor 
is to cancel 
the pole 


formed by the DAC output capacitance 
COUT1 and the 


internal 
feedback 
resistor, RFB. Its value depends 
on 


the type 
of op-amp 
used but typically 
ranges from 


10pF to 3pF. Too small a value causes output 
ringing 


while excess capacitance 
overdamps 
the output. 
The 


size of C1 can be minimized 
and the output 
voltage 
settling 
time 
improved 
by keeping 
the circuit 
board 


trace 
and 
stray 
capacitance 
at OUT1 
as small 
as 


possible. 


Grounding and Bypa•• ing 


Since 
OUT1, 
AGND 
and 
noninverting 
input 
of the 


output amplifier 
are sensitive to offset voltages, nodes 


that are to be grounded 
should be connected 
directly 


to 
"single 
point" 
ground 
through 
a separate, 
low 


resistance (less than O.20hms) connection. 
The current 


at OUT1 and AGND varies with input code, creating 
a 


code dependent error if these terminals are connected 
to ground 
(or a "virtual 
ground") 
through 
a resistive 


path. 


A 
1pF bypass 
capacitor, 
in 
parallel 
with 
a O.01pF 


ceramic 
capacitor, 
should 
be connected 
as close to 


the DAC Voo and DGND pins as possible. 


The AD7545 
has high-impedance 
digital 
inputs. 
To 


minimize 
noise pick-up, 
they should 
be tied to either 


Voo or DGND when not used. It is also a good practice 
to connect 
active 
inputs 
to Voo or DGND 
through 


high 
valued 
resistors 
(1Mohms) 
to 
prevent 
static 


charge 
accumulation 
if these 
pins are left floating, 


such as when a circuit 
card is left unconnected. 


It is also recommended 
that two back-to-back 
diodes 


be connected 
between the DGND and AGND pins in 


those systems where these pins tie on the backplane. 


==:l 


cs 
0.109" 


Voltage References 


MAX670 
MAX671 
MAX672 
MAX673 
AD580 
AD581 
AD584 
AD2700 
AD2701 
AD2710 
ICL8069 
REF01 
REF02 


+10V Precision 
Kelvin 
Sensed 
Reference, 
3 ppm/oC 
. 


+10V Precision 
Kelvin 
Sensed 
Reference, 
1 ppm/oC 
. 


+10V Precision 
Voltage 
Reference,S 
ppm/oC 
. 


+5V Precision 
Voltage 
Reference, 
5 ppm/o C 
. 


Precision 
2.5V Reference 
. 


Precision 
10V Reference 
. 


Pin Programmable 
10V, 7.5V, 5V, 2.5V Precision 
Voltage 
Reference 
. 


+10 Volt Precision 
Reference, 
3 ppm/oC 
. 


-10 Volt Precision 
Reference, 
3 ppm/oC 
. 


+10 Volt Precision 
Reference, 
1 ppm/oC 
. 


1.2V Voltage 
Reference 
. 


+1OV Precision 
Voltage 
Reference 
. 


+5V Precision 
Voltage 
Reference 
. 


3-1 


3-1 
3-7 
3-7 


3-11 
3-13 
3-19 
3-25 
3-25 
3-25 
3-29 
3-31 
3-31 


Ell 


Voltage References 


Part 
Output 
Temperature 
Initial Output 
Supply Current 
Page 
Number 
Voltage 
Coefficient 
Voltage 
Supply Voltage 
(Typ/Max mAl 
Features 
No. 


(ppmrC) 
Accuracy 


MAX670 
10V 
3 
±2.5mV 
+15V 
9/14 
Kelvin sensing 
3-1 


MAX671 
10V 
1 
±1.0mV 
+15V 
9/14 
Kelvin sensing 
3-1 


MAX672 
10V 
5 
±5.0mV 
+13Vto+40V 
1/1.4 
Precision/LowCost 
3-7 


MAX673 
5V 
5 
±2.5mV 
+8Vto +40V 
1/1.4 
Precision/LowCost 
3-7 


AD580 
2.5V 
10 
±10mV 
+15V 
0.75/1.0 
+5Vpower 
3-11 


AD581 
10V 
5 
±5mV 
+15V 
0.75/1.0 
10mAOutput 
3-13 


AD584 
10V,7.5V, 
5 
±5mV 
+15V 
0.75/1.0 
Programmable 
3-19 
5V;;'.5V 
outputvoltage 


AD2700 
10V 
3 
±2.5mV 
+15V 
9/14 
Precision 
3-25 
AD2710 
10V 
1 
±1.0mV 
+15V 
9/14 
Precision 
3-25 
AD2701 
-10V 
2 
±2.5mV 
-15V 
9/14 
Precision 
3-25 


ICL8069 
1.23V 
10to100 
±25mV 
SOJJAto 5mA 
2 terminal bandgap 
3-29 


REF01E 
10V 
8.5 
±30mV 
+15V 
1/1.4 
Trim Input 
3-31 


REF01HP 
10V 
25 
±SOmV 
+15V 
1/1.4 
Trim Input 
3-31 


REF02E 
5V 
8.5 
±15mV 
+15V 
1/1.4 
Temp Output 
3-31 


REF02HP 
5V 
8.5 
±25mV 
+15V 
1/1.4 
Temp Output 
3-31 


Kelvin Sensing: Also Four Terminal Sensing. A voltage 
sourcing 
technique 
where the connections 
that sup- 


ply power 
to a load are separate from 
those that 
sense the voltage at the load. A precise voltage can 
then be supplied 
at high current since errors caused 
by wire resistance are eliminated. 


Line 
Regulation: 
The 
output 
voltage 
change 
as a 
function 
of a specified change in input voltage. Spec- 


ified in %/tN or fJVltiV. 


Load Regulation: 
The output 
voltage 
change 
as a 


function 
of a specified change in load current. Speci- 


fied in fJVlmA 
or n. 


Long-Term 
Stability: The output voltage change with 


time 
at 
a 
specified 
temperature. 
Specified 
in 
ppm/1000hrs. 


Temperature 
Coefficient: 
The average change in out- 


put 
voltage 
for 
a specified 
range 
of temperature. 


Specified in ppm/oC or mVioC. 


Turn-On 
Settling 
Time: 
The time 
required 
for the 


output 
to settle within 
specified 
limits from 
a cold 


start. Does not include 
thermal 
settling 
time which 


depends on external conditions. 


Voltage Change with Temperature: The total deviation 
from the actual output 
at +25°C over the specified 
temperature range. Specified in mV or %. 


Quiescent Current: The power supply current required 
to operate the reference 
under no-load 
conditions. 


Specified in mA or fJA. 


________ 
General Description 


The 
MAX670/671 
are precision 
+10 volt 
reference 


sources with Kelvin connections 
on both output and 


ground, which offer superior load regulation 
and line 


regulation 
independent 
of the 
line impedance 
be- 


tween 
the 
reference 
and 
load. 
The 
MAX670 
has 


initial accuracy 
of 2.5mV with 3ppm/oC temperature 


coefficient 
and the MAX671 is specified 
with 
initial 


accuracy 
of 
1.0mV and temperature 
coefficient 
of 


1ppm/oC. 
Both 
devices 
are designed 
to 
upgrade 


existing 
sockets which employ 
the popular 
AD2700 


and AD2710 series by connecting 
a few of the unused 


pins together 
to obtain 
improved 
performance. 
The 


MAX670/671 
have two methods 
of fine trim adjust- 


ment, one which 
is an improved 
technique 
which 


will 
not disturb 
the output 
voltage 
temperature 
co- 


efficient, 
and 
the 
other 
is compatible 
with 
the 


AD2700/2710. 
All 
parts 
are 
packaged 
in 
14 lead 


ceramic 
side 
brazed 
DIP 
and 
include 
burn-in 


at +150°C. 
__________ 
Applications 


Precision D/A and NO Converters 


Digital Voltmeters 


Precision Test and Measurement System 


Precision Calibrated 
Voltage Reference Standard 


High Accuracy 
Transducers 


.NI.I.IXI.NI 


MAX670 
MAX671 


~~I~JXI~~I 
+10V Precision Kelvin 


Sensed References 
____________ 
Features 


• 
Superior 
Load Regulation: 
10~V/mA 
Max. 


• 
Superior 
Line Regulation: 
50~V/V Max. 


• 
Excellent 
Initial Accuracy: 
+10V ±1mV 
Max. 
(MAX671) 


• 
Low Temperature 
Coefficient: 
1ppm/oC 
Max. 


(MAX671) 


• 
10mA Output 
Current 


• 
High Current 
Capability 
with External 


Transistor 


• 
Functionally 
Compatible 
with AD2700 and 
AD2710 


PART 
INIT. 
-TEMP. 
TEMP. 
ACC. 
COEFF. 
RANGE 


MAX670CDD 
2.5mV 
3ppm/oC 
O°C to +70°C 


MAX670EDD 
2.5mV 
3ppm/oC 
-40°C to +85°C 


MAX670MDD 
2.5mV 
3ppm/oC 
-55°C to +125°C 


MAX671 COD 
1.0mV 
1ppm/oC 
O°C to +70°C 


MAX671EDD 
1.0mV 
1ppm/oC 
-40°C to +85°C 


MAX671MDD 
1.0mV 
1ppmfOC 
-55°C to +125°C 


VOUT SENSE, 


VOUT SENSE2 
OFFSET 
AOJUST 
NIC 


GNO FORCE 


GNO SENSEI 


GNO SENSE2 


FINE AOJUST 


OUTPUT 
FORCE 


FINE AOJUST 
+15V 


TEST 
POINT 


NIC 
NIC 


"1'" lUtf ",reclslon n.elv,n 
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Input 
Voltage 
+20V 
Power 
Dissipation. 
. . 
400mW 
Operating 
Temperature 
Range 
-55'C 
to +125'C 
Storage 
Temperature 
Range 
-65'C 
to +160'C 
Lead Temperature 
(Soldering. 
10 see) 
. . . . . . . . . . 
+300'C 


Short 
Circuit 
to GND 
Continuous 


Stresses above those listed under "'Absolute Maximum 
Ratmgs·· may cause permanent 
damage to the device. These are stress ratings only and functional 
operation 
of the device at these or any other conditions 
above those mdlcated In the operatIonal 
sections of the specifications 
is not implied. Exposure to 
absolute maximum rating conditions for extended periods may affect device relIability. 


ELECTRICAL CHARACTERISTICS 
(V'N = +15V, TA = +25'C, 
RL = 2kll, 
unless 
otherwise 
indicated) 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


MAX670 
99975 
100000 
10.0025 
Initial 
Output 
Voltage 
Vo 
V 
MAX671 
9.9990 
10.0000 
10.0010 


MAX670C 
TA to +70'C 
-3 
+3 


TA to O'C 
-5 
+3 


MAX670E 
TA to +85'C 
-3 
+3 


TA to -40'C 
-5 
+3 


TA to +85'C 
-3 
+3 


MAX670M 
TA to +125'C 
-5 
+3 
+85'C 
to +125'C 
-10 
+3 


TA to -55'C 
-5 
+3 


Output 
Voltage 
Drift 
'JoVo/JoT 
MAX671C 
TA to +70'C 
-1 
+1 
ppm/'C 


(See Figures 
12 and 13) 
TA to O'C 
-5 
+1 


MAX671E 
TA to +85'C 
-1 
+1 
TA to -40'C 
-5 
+1 


TA to +85'C 
-1 
+1 


MAX671M 
TA to +125'C 
-5 
+1 


+85'C 
to +125'C 
-10 
+1 


TA to -55'C 
-5 
+1 


OmA to 10mA 
to GND 
Load 
Regulation 
JoVo/Jolo 
MAX670 
20 
I'VimA 
MAX671 
10 


V,N = 13.5V 
to 16.5V 
Line 
Regulation 
WdJoV'N 
MAX670 
100 
I'VIV 
MAX671 
50 


Input 
Voltage 
Range 
V'N 
135 
16.5 
V 


Supply 
Current 
Is 
No Load 
9 
14 
mA 


Noise 
(Note 
1) 
eN 
O.lHz 
to 10Hz 
12 
50 
I'Vp.p 


Long 
Term 
Stability 
JoVo(T) 
TA = +55'C 
50 
ppm/ 
1K hrs 


Output 
Adjust 
Range 
JoVAOJ 
per 
Figure 
10 
20 
mV 


Output 
Adjust 
vs. TC 
JoVo/JoT 
per Figure 
10 
0.4 
ppm/ 


JoVADJ 
'C/mV 


_______ 
Theory of Operation 


A temperature 
compensated 
zener diode 
is applied 
to the non-inverting 
input of an operational 
amplifier 
(Figure 
1). The zener voltage 
is amplified 
and accu- 
rately 
laser trimmed 
to produce 
a precise 
10.000V. 


The zener operating 
current 
is derived from the reg- 
ulated output 
voltage, and actively laser trimmed 
for 
the lowest 
temperature 
coefficient 
at the output 
of 
the op amp. 


The 
MAX670 
and 
MAX671 each 
have three 
Kelvin 
connections 
for both output and ground which elim- 
inates errors 
due to the I-R voltage 
drops from the 
resistance of the pins, sockets, and connecting 
wires. 


The 
FORCE 
pin output 
current 
varies as the load 
changes 
such that the voltage 
reflects changes due 
to I-R drops as well. VOUTSENSE1 and GND SENSE1 
are the gai n resistors 
of the op am p that are used to 
maintain 
to a precise voltage the points 
at the load 
to which they are connected. 
The VOUTSENSE2 and 
GND SENSE2 pins when connected 
in the circuit are 
constant 
current 
points but do not contribute 
errors 
from I-R drops as long as they are connected 
to the 
same points as VOUTSENSE1 and GND SENSE1. 


_____ 
Applications 
Information 


The 
Force 
and 
Sense 
lines 
should 
be connected 
together 
as close as possible to the load or reference 
input 
of the 
converter. 
The 
power 
supply 
ground 
must be connected 
either at the same ground 
point 
at the load or along the GND FORCE path. 


The additional 
benefit 
of separate 
Force and Sense 
lines allows the use of an external buffer for increased 
output 
current 
while 
maintaining 
the specified 
out- 
put accuracy. 
There 
are several methods 
of buffer- 


ing, the choice of which depends on the constraints 
of the application. 


11 
V" 


R4 


VourSENSE, 


14 
fiNE ADJUST 


13 


OffSET 
3 
VourfORCE 


ADJUST 
12 
fiNE ADJUST 


Vour SENSE, 


GND fORCE 


R7 
GND SENSE, 


GND SENSE, 
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Emitter Follower 


An NPN transistor 
can be used as a buffer for very 
low impedance 
output 
if only current 
sourcing 
(i.e. 


from 
Output 
to 
GND) 
is desired 
(Figure 
2). It is 
advisable 
to place a small resistor 
in series with the 
base of the transistor 
to prevent 
oscillation 
unless 
the fT is low. Since 
the Sense lines 
will 
keep the 
emitter 
at 10V, the base will 
rise up to about 
10.7V 
due to the transistor 
Vbe. This limits the low end of 
the 
supply 
range, 
especially 
at cold 
temperatures 
where the Vbe of the transistor 
is the largest and the 
headroom 
of the internal 
op amp is lowest. The out- 
put 
of the 
internal 
op amp 
on the 
Force 
pin will 
change 
as much as necessary 
over temperature 
to 
maintain 
the Sense pins on the emitter at a constant 
voltage. 


Similarly, 
a FET (Figure 3) can be used as a source 
follower. 
However, the VT of aN-channel 
FET must 
be low, about 
2V, so that 
the 
MAX670 
output 
will 


"5V 
11 


V' 


13 
VourfDRCE 


Vour SENSE, 


Vour SENSE, 


.MAXI.M 


MAX670 
MAX671 


GND fORCE 


GND SENSE, 


GND SENSE, 


'15V 
11 


V' 


VourfORCE 
13 


1 
Vour SENSE, 


Vour SENSE, 


.MAXI.M 


MAX670 
MAX671 


GND fORCE 


GND SENSE, 


GND SENSE, 
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have sufficient 
headroom. 
Alternatively, 
a P-channel 
FET, whose gate voltage will be more negative than 
the source would 
be more suitable 
because the op 


amp output 
voltage would be driven further 
into the 
middle of its output swing range. 


If the load only requires the reference to sink cur- 
rent, a PNP transistor 
can 
be used as shown 
in 
Figure 4. 


+12 Volt Operation 


A few forward 
biased diodes in series with the base 
of the transistor 
in Figure 5 will drop the MAX670 
output by as many Vbe's for more op amp headroom 
and therefore 
lower operating 
voltage. Over temper- 


ature, 
the 
MAX670 
VOUT FORCE 
will 
change 
as 


much as required due to the temperature 
coefficient 
of the Vbe's. One diode 
will 
best compensate 
the 
Vbe of the transistor 
so that the Force output will be 
close 
to 
10V. However, 
two 
diodes 
will 
place the 


internal op amp output at about 9.3V to give enough 
headroom 
for 
12V 
±10% 
operation 
(i.e. 
11.4V 
minimum). 


External Buffer 


A more simple, yet more costly method to increase 
the output current is by the use of an external buffer 
amplifier, 
such as a BUF-03, LH0002, or an LH0033 
(Figure 
6) for up to 100mA of output 
current. 
The 
Force output drives the buffer input, while the Sense 
lines maintain 
the buffer 
output 
to the initial 
+10V 


value, even if the offset drift is high. VOUT SENSE2 
can be connected 
to the input of the buffer if neces- 


sary, but there will 
be a small 
second 
order 
error 


over temperature 
as the offset drift slightly 
changes 


the reference zener operating 
current. Therefore 
it is 


always better to connect 
both SENSE lines together 


at the load. 


Figure 5. Application 
Circuit for 12V Operation, 
120mA Output Current 


"5V 


V' 


VauT SENSE, 


2 
VOUTSENSE, 


VOUT SENSE, 
13 
80n 
VQUT SENSE, 


VOUTfORCE 


.MAXI.M 


MAX670 
VOUTfORCE 
13 
MAX671 


GND fORCE 
.MAXI.M 


6 
MAX670 


GND SENSE, 
MAX671 
7 
GND SENSE, 


GND fORCE 


GND SENSE, 


GND SENSE, 


High Power Output 


The 
specified 
accuracy 
of 
the 
MAX670 
can 
be 
obtained 
even at currents 
of several amps using a 
Power 
Amplifier 
such 
as the 
LH0101 as a non- 
inverting 
buffer amplifier 
(Figure 
7). By placing 
the 
amplifier 
inside the loop and sensing the output, the 
reference will have a 2A output capability 
keeping in 
mind the heat sink requirements 
of the LH0101. 


High Speed Buffer 


In some cases, the reference 
is required 
to drive a 
circuit that contains high speed transients or glitches 
which must settle back to a steady state value quickly. 
In this case a fast op amp can be used on the output, 
such 
as an HA-2525 or a BB3554 (Figure 
7). The 
high bandwidth 
of these amplifiers 
enables them to 
settle quickly 
at the expense of higher 
noise band- 
width that may restrict their applications. 


Vour SENSE, 


Vour SENSE, 


.MAXI.M 


MAX670 
MAX671 


SNO FORCE 


SNO SENSE, 


SNO SENSE, 


.MAXI.M 
MAX670 
MAX671 
···71 


...jJ 


Vour SENSE, 


Vour SENSE, 


Vour FORCE 


GNO FORCE 


GNO SENSE, 


GNO SENSE, 
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Load Balancing 


If the load current is known, and is constant, such as 
in the case of driving 
the reference 
input of numer- 
ous D/A converters, 
a pull up resistor (Figure 8) can 
be used to match the load current to ground with the 
MAX670 regulating 
the output voltage and supplying 
the error current 
up to 10mA. For this special case, 


the cost of an amplifier 
is eliminated 
and the circuit 


complexity 
is reduced. 


________ 
Offset Adjust 


The output 
voltage of the MAX670 and MAX671 can 
be adjusted 
in two ways. The Offset Adjust 
Input on 
pin 3 (Figure 9) has the unique advantage of changing 
the output 
voltage 
without 
disturbing 
the tempera- 
ture coefficient. 
Also, a wide variety 
of trim 
range 


and resolution 
can be obtained by appropriate 
selec- 
tion of the resistor in series with pin 3 as st10wn in 
graph below. 


1 
Vour SENSE, 
2 
"- 
Vour SENSE, 
/ 
13 
VourFORCE 


Rs 
3 
.MAXI.M 


OFFSET 
MAX670 
lOAD 
ADJ 
MAX671 
5 
GNO FORCE 
6 


GNO SENSE, 
7 
7 
SNO SENSE, 


Figure 9. MAX6701671 Improved 
TC Independent 
Trim Adjustment 
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11 


V' 


14 
fiNE 
VOU! SENSE, 
ADJ 
VOU! SENSE, 
13 


IOkn 
VOUTfORCE 


AIlAXIAIl 
MAX670 
LlIAo 
12 
MAX671 
fiNE 
AoJ 
DNo fORCE 


DNo SENSE, 


DNo SENSE, 


The 
other 
adjustment 
method 
is designed 
to 
be 
compatible 
with the AD2700/AD2710 
series of refer- 
ences. A potentiometer 
is connected 
between pins 12 
and 14 with the wiper to ground 
(Figure 10), but this 
method affects the output temperature 
coefficient 
by 
approximately 
O.4ppm/oC per millivolt 
of adjustment. 


-55 
-40 
'25 
.70.85 
'125 


TEMPERA7URE IOC) 


Figure 12. MAX670 Temperature 
Coefficient 


"\ 
+lppm/oC 


+1~0lIl'I 


-- 
-_ 
_ 
-Jppm/"C 
±1.OIIV 
- 
'1~/ 
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'25 
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Figure 13. MAX671 Temperature 
Coefficient 


'~" 


2 
• 
• 
13VoUT 
8 
12 
8 
11 


Upgrading AD2700/AD2710 


Any existing socket containing 
an AD2700 or AD2710 
can be easily adapted to the MAX670 or MAX671 by 
shorting 
pin 13 to pins 1 and 2, and also shorting 
pin 
7 to pins 5 and 6 (Figure 
11). 


_______ 
General Description 


The 
MAX672 
and 
MAX673 
are 
precision 
voltages 


references 
that are pretrimmed 
to within 
±.05% of 10V 


and 5V respectively. 
Both references 
feature 
excellent 


temperature 
stability 
(as 
low 
as 5.0 
ppm/oC 
worst 


case), 
low current 
drain 
and low noise. The MAX673 


also provides 
a TEMP pin whose output 
voltage 
varies 


linearly 
with temperature, 
making 
this device 
suitable 


for a wide variety 
of temperature 
sensing 
and control 


applications. 
Both 
devices 
are available 
from 
Maxim 


in the space-saving 
Small Outline 
package, 
as well as 


the standard 
8 pin TO-99 
and MINI-DIP 
packages. 
__________ 
Applications 


A to D Converters 


D to A Converters 


Digital 
Voltmeters 


Voltage 
Regulators 


Threshold 
Detectors 


4 


GROUND 
(CASEI 


8 Lead TO-99 Metal Can 


N.C·C' 
N.C. 


VIN 
, 
7 
N.C. 


N.C.lTEMP" 
3 
• 
Your 


GND 
• 
5 
TRIM 


8 Lead Small Outline 


"NOTE: 
Pin 3 is N.C. (No Connection) 
on MAX672, 


TEMP Output 
on MAX673 
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• 
Pretrimmed 
to +5V, +10V ±0.05% 


• 
Excellent 
Temperature 
Stability 
2 ppm/o C 


• 
Low 
Noise: 
10INp-p (MAX673) 


• 
Low Supply 
Current: 
1.4mA Max 


• 
Short 
Circuit 
Proof 


• 
Load Regulation 
0.001 %/mA 


• 
Improved 
REF01 and REF02 


PART 
VnllT 
@ 25°C 
PACKAGE" 


TEMP 
RANGE: 
O°C TO +70°C 


MAX672CTV 
10V ± 5mV 
TO-99 


MAX672CPA 
10V ± 5mV 
Plastic 
Dip 


MAX672CSA 
10V ± 5mV 
Small 
Outline 


TEMP 
RANGE: 
-40°C 
TO +85°C 


MAX672ETV 
10V ± 5mV 
TO-99 


MAX672EJA 
10V ± 5mV 
CERDIP 


MAX672EPA 
10V ± 5mV 
Plastic 
Dip 


MAX672ESA 
10V ± 5mV 
Small 
Outline 


TEMP 
RANGE: 
-55°C 
TO +125°C 


MAX672MTV 
10V ± 5mV 
TO-99 


MAX672MJA 
10V ± 5mV 
CERDIP 


+15V 


2 


MAX672 
MAX673 
5 


TRIM 
GNO 


4 


+5'" +1OV Precision 
Voltage References 


ABSOLUTE 
MAXIMUM 
RATINGS 


40V 
Operating 
Temperature 
Range 
MAX672M/MAX673M 
-55°C 
to +125°C 


MAX672E/MAX673E 
-40° C to +85°C 
MAX672C/MAX673C 
O°C to +70°C 
Lead 
Temperature 
(Soldering, 
60 see) 
+300°C 
DICE 
Junction 
Temperature 
(T1) 
.. 
-65°C 
to +150°C 


Output 
Short-Circuit 
Duration 


(to Ground 
or V1N) 
Indefinite 


Stresses above those listed under ''Absolute Maximum Ratings" may cause permanent damage to the device. These are stress ratings only. and 
(unctional operation o( the device at these or any other conditions above those indicated in the operational sections o( the specification 
is not 
implied. Exposure to absolute Maximum ratings conditions (or extended periods may affect the device reliability. 


Input 
Voltage 
. 
Power 
Dissipation 
T099 
(TV) 
(Derate 
at 7.1mW/oC above 
+80° C) 
500mW 
CERDIP 
(J) 
(Derate 
at 6.7mW/oC 
above 
+75°C) 
500mW 
Plastic 
DIP 
(P) (Derate 
at 5.6mW/oC 
above 
+36°C) 
500mW 
Small 
Outline 
(S) (Derate 
at 5.0mW/oC 
above ·+55°C) 
300mW 
Storage 
Temperature 
Range 
-65°C 
to +150°C 


MAX672 
MAX673 
PARAMETER 
SYMBOL 
CONDITIONS 
UNITS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Output 
Voltage 
Vo 
IL = 0 
9.995 
10.000 
10.005 
4.9975 
5.000 
5.0025 
V 


Output 
Adjustment 
Range 
tJ.Vtr;m 
Rn = 10kO 
±3 
±6 
±3 
±6 
% 


Output 
Voltage 
Noise 
enD-D 
0.1Hz to 10Hz (Note 
6) 
10 
15 
10 
15 
fJVD-D 


Line 
Regulation 
(Note 
1) 
V1N= 13V to 33V (MAX672) 
0.006 
0.010 
0.006 
0.010 
%N 
V1N = 8V to 33V (MAX673) 


Load 
Regulation 
(Note 
1) 
IL = 0 to 10mA 
0.001 
0.002 
0.001 
0.002 
%/mA 


Turn-on 
SEilttling Time 
tON 
To ±0.1% 
of final 
value 
5 
5 
fJS 


Quiescent 
Supply 
Current 
ISY 
No Load 
1.0 
1.4 
1.0 
1.4 
mA 


Sink 
Current 
Is 
-0.3 
-0.5 
-0.3 
-0.5 
mA 


Short-Circuit 
Current 
Isc 
Vo = 0 
30 
30 
mA 


Temperature 
Voltage 
VT 
(Note 
2) 
630 
mV 
Output 


MAX672 
MAX673 
PARAMETER 
SYMBOL 
CONDITIONS 
UNITS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Output 
Voltage 
Change 
O°C ~ TA 
~ 
+70°C 
.014 
.035 
.014 
.035 


with 
Temperature 
tJ.VOT 
-40°C 
~ TA 
~ 
+85°C 
.022 
.055 
.022 
.055 
% 


(Notes 
3, 4) 
-55°C 
~ TA 
~ 
+125°C 
.036 
.090 
.036 
.090 


Output 
Voltage 
Change 
O°C ~ TA 
~ 
+70°C 
1.40 
3.50 
0.70 
1.75 
with 
Temperature 
tJ.VOT 
-40°C 
~ TA 
~ 
+85°C 
220 
5.50 
1.10 
2.75 
mV 
(Notes 
3, 4) 
-55°C 
~ TA 
~ 
+125°C 
3.60 
9.00 
1.80 
4.50 


Output 
Voltage 
TCVo 
(Note 
5) 
2 
5 
2 
5 
ppm/oC 
Temperature 
Coefficient 


Line 
Regulation 
(Note 
1) 
O°C ~ TA 
~ 
+70°C 
0.007 
0.012 
0.007 
0.012 


(V1N = 13V to 33V) 
(MAX672) 
-40°C 
~ TA 
~ 
+85°C 
0.008 
0.013 
0.008 
0.013 
%N 
(V1N = BV to 33V) 
(MAX673) 
-55°C 
~ TA 
~ 
+125°C 
0.009 
0.015 
0.009 
0.Q15 
%N 


Load 
Regulation 
O°C ~ TA 
~ 
+70°C 
0.001 
0.002 
0.001 
0.002 


(IL = 0 to 8mA) 
(Note 
1) 
-40°C 
~ TA 
~ 
+85°C 
0.001 
0.002 
0.001 
0.002 
%/mA 


-55°C 
~ TA 
~ 
+125°C 
0.001 
0.002 
0.001 
0.002 


Note 
1: 
Line and 
Load 
Regulation 
specifications 
include 
the effect 
of self heating. 


Note 
2: 
Limit 
current 
in or out of pin 3 to 50nA 
and capacitance 
on pin 3 to 30pF. 


Note 
3: 
tJ.VOTis defined 
as the absolute 
difference 
between 
the maximum 
output 
voltage 
and the minimum 
output 
voltage 
over 


the specified 
temperature 
range 
expressed 
as a percentage 
of 10V (MAX672) 
or 5V (MAX673). 


Note 
4: 
tJ.VOTspecification 
applies 
trimmed 
to +10.000V/5.000V 
or untrimmed. 


Note 
5: 
TCVo 
is defined 
as tJ.VOTdivided 
by the temperature 
range. 


Note 
6: 
Sample 
tested. 
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_______ 
Output Adjustment 


The 
MAX672(MAX673) 
trim 
terminal 
can be used to 
adjust 
the 
voltage 
over 
a 10V(5V) ± 300mV 
range. 


This feature allows the system designer 
to trim system 
errors 
by setting 
the reference 
to a voltage 
other than 
10V(5V), 
including 
10.240V 
for 
binary 
applications 


(see "Typical 
Operating 
Circuit" 
on first 
page). 


Adjustment 
of the output 
does not significantly 
affect 


the temperature 
performance 
of the device. 
The tem- 
perature 
coefficient 
change 
is 
approximately 
O.7ppm/oC 
for 100mV of output 
adjustment. 


___ 
Temper.ture 
Voltage Output 


The MAX673 provides 
a temperature 
dependent 
output 


voltage 
on the TEMP pin. This voltage 
is proportional 


to the absolute 
temperature, 
and has a scale factor 
of 


approximately 
2.1mV/o C (Figure 
2). 


Output 
Voltage 
= 2.1(T + 273)mV 


where 
T = Temperature 
in °C 


+5~ +10V Precision 
Voltage References 


/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 


=- 780 
E 
~ 
730 


~680 


!630 


!580 
E 
~ 
530 


480 


430 
-60 
-40 
-20 
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20 
40 
60 
80 
100 
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TEMPERATUREI'CI 


TA= 25'C 


15 
20 
15 
30 
INPUT VOLTAGEIVOLTSI 


MAX672 OUTPUT 
WIDEBAND 
NOISE vs BANDWIDTH 
(O.1Hz 
TO FREQUENCY 
INDICATED) 


MAX673 OUTPUT 
WIDEBAND 


NOISE vs BANDWIDTH 
(O.1Hz 
TO FREQUENCY 
INDICATED) 


.. 
v" = 15V 
.•.... 


....•~ 
i'-.. 


....•.. •...... 


~ 
...•••. 


•... 


V,N'j15V 


Ta =I TA = 
15'C 
75'C 
-- / - 
/I 
DEVICEIMMERSED 
1/ 
IN T5'C OIL BATN 


~ 
0.030 
i 
~ 
0.025 


~ 
O.oro 
,. 


~ 
0.015 
~ 
~ 
0.010 
~ 
~ 
0.005 


o 
-60 
-40 
-20 
0 
20 
40 
60 
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140 
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+:J ~ + J UV flreCISlon 
Voltage References 


TRIM 


GNo 


4 


lOUT 


VOLTAGE COMPLIANCE, -25V 
10+BV 


PART 
Vn"T @ 25°C 
PACKAGE 


TEMP 
RANGE: 
O°C TO +70°C 


MAX673CTV 
5V ± 2.5mV 
TO-99 


MAX673CPA 
5V ± 2.5mV 
Plastic 
Dip 


MAX673CSA 
5V ± 2.5mV 
Small 
Outline 


TEMP 
RANGE: 
-40°C 
TO +85°C 


MAX673ETV 
5V ± 2.5mV 
TO-99 


MAX673EJA 
5V ± 2.5mV 
Hermetic 
Dip 


MAX673EPA 
5V ± 2.5mV 
Plastic 
Dip 


MAX673ESA 
5V ± 2.5mV 
Small 
Outline 


TEMP 
RANGE: 
_55° C TO +125° C 


MAX673MTV 
5V ± 2.5mV 
TO-99 


MAX673MJA 
5V ± 2.5mV 
Hermetic 
Dip 


+ 


TEMP 
~ 
(MAX673 
ONLY) 
GND 


0.78" 


1.98mm 


VO 


MAX673 


TRIM 
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High Precision +2.5 Volt Reference 


_______ 
General Description 


The AD580 is a high performance 
three-terminal 
volt- 


age reference 
which 
provides 
a stable 
+2.5V source 


for 
8, 
10, and 
12-bit 
data 
converters 
and 
analog 


functions. 
A temperature 
compensated 
internal 
band- 


gap operates 
from +4.5V to +30V and consumes 
only 


1.5mA. 


The reference 
can be connected 
directly 
to a number 


of CMOS 
A-to-D 
and D-to-A 
converters 
and is espe- 


cially 
convenient 
in +5V powered 
systems. 
An inital 


untrimmed 
accuracy 
of 0.4% and temperature 
stability 


of 10ppm/oC 
allow 
adjustment-free 
designs 
in many 


precision 
applications. 


Available 
packages 
include 
TO-52 
metal 
cans 
for 


commercial 
and military 
temperature 
grades, 
as well 


as 8 lead small outline 
for commercial 
grade devices. 


__________ 
Applications 


CMOS 
Data Conversion 


Digital 
Panel Meters 


Portable 
Instrumentation 


Remote 
Measurement 
Systems 


Logic Powered 
Analog 
Systems 


.NIAXI.NI 


ICL7109 


CONTROL 


____________ 
Features 


• 
2.500Y ±O.4% Accuracy (AD580L/M) 
• 10ppm/oC Temperature Stability (AD580M) 


• 
No Adjustments 
• 250~NLong Term Stability 


• 
1.5mA Quiescent Current 


• +4.5Y to +30Y Operation 


PART 
TEMP. RANGE 
PACKAGE 
TOLERANCE 


AD580JH 
O·C to +70·C 
TO-52 Can 
±75mV 


AD580KH 
O·C to +70·C 
TO-52 Can 
±25mV 


AD580LH 
O·C to +70·C 
TO-52 Can 
±10mV 


AD580MH 
O·C to +70·C 
TO-52 Can 
±10mV 


AD580JCSA 
O·C to +70·C 
8 Lead 5.0. 
±75mV 


AD580KCSA 
O·C to +70·C 
8 Lead 5.0. 
±25mV 


AD580LCSA 
O·C to +70·C 
8 Lead S.O. 
±10mV 


AD580MCSA 
O·C to +70·C 
8 Lead S.O. 
±10mV 


AD580SH 
-55·C to +125·C 
TO-52 Can 
±25mV 


AD580TH 
-55·C to +125·C 
TO-52 Can 
±10mV 


AD580UH 
-55·C to +125·C 
TO-52 Can 
±10mV 


_______ 
Pin Configurations 
_ 
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High Precision +2.5 Volt Reference 


Input Voltage V'N to GND 
-0.3V, +40V 
Power Dissipation 
TO-52 Metal Can (Derate 2.8mWfOC above +25°C) 
350mW 
Small Outline (Derate 5.3mWfOC above +75°C) 
400mW 
Output Short-Circuit 
Duration 
(Note 1) 
Indefinite 
Operating 
Temperature Range 
Commercial 
(J, K, L, M) 
O°C to +70°C 
Military (S, T, U) 
....................•..... 
-55°C to +125°C 
Storage Temperature Range 
-65°C to +175°C 


Lead Temperature (Soldering 
10sec) 
+300°C 


Junction 
Temperature (Tj) 
••••.•••••••.•••••• 
-55°C to +150°C 


Thermal Resistance, Junction 
to Ambient 
TO-52 Metal Can 
360° C/W 


Small Outline Package 
....................•..... 
170°C/W 


Junction 
to 
Case 
TO-52 Metal Can 
.........•.........•..•..•..... 
100°CIW 


Small Outline Package 
55°CIW 


Stresses 
above 
those/isted 
under ''Absolute Maximum 
Ratings" may cause 
permanent 
damage to the device. These 
8re stress fltings only and functiona' 


operation o( the device at these or any other conditions 
above those indicated in the operational sections of the specifications 
Is not implied. 
Exposure 
to 


absolute maximum 
rating conditions 
for extended periods may affect device reliability. 


ELECTRICAL CHARACTERISTICS 
(VIN = +1SV, T A = +2Soc, 
unless otherwise noted) 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN. 
TYp. 
MAX. 
UNITS 


IL = OmA; 
AD580J/S 
±75 
Output Voltage Tolerance 
AD580KIT 
±25 
mV 


AD580UM/U 
±10 


TA = O'C to +70°C; 
AD580J 
15 (85) 


AD580K 
7 (40) 


Output Voltage Change 
AD580L 
4.3 (25) 


with Temperature, 
AD580M 
1.75 (10) 
±mV 


(Temperature 
Coefficient) 
TA = -55°C to +125°C; 
AD580S 
25 (55) 
(ppmfOC) 


AD580T 
11 (25) 


AD580U 
4.5 (10) 


IL = OmA, 
AD580J/S 
0.3 
3 
AD580K 
0.3 
2 
+4.5V < V'N < +7V; 
AD580UMIT IU 
1 
Line Regulation 
mV 


IL = OmA, 
AD580J/S 
1.5 
6 
AD580K 
1.5 
4 
+7V < V'N < +30V; 
AD580UMITIU 
2 


Load Regulation 
IL = OmA to 10mA 
10 
mV 


Quiescent Supply Current 
10 
IL = OmA 
1.0 
1.5 
mA 


Noise 
eNP-p 
O.lHz to 10Hz 
60 
/lVp-p 


Stability 
Long Term 
250 
/lV 


Per Month 
25 
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High Precision 10 Volt Reference 


_______ 
General Description 


Maxim's 
AD581 is a three-terminal, 
temperature 
com- 


pensated, 
band-gap 
voltage 
reference 
which 
pro- 


vides 
a precise 
10.00V output 
from 
an unregulated 


input of 12.5V to 30V. Laser trimming 
is used to mini- 


mize initial 
error 
and temperature 
drift, 
to as low as 


5mV and 5ppm/o C with the AD581 L. 


No external 
components 
are needed 
to acheive 
full 


accuracy 
over the operating 
temperature 
range. Total 


supply 
current 
to the device, 
including 
the 
internal 


output 
buffer amplifier, 
is typically 
750pA 


The AD581 
is designed 
for use with 8 to 14 bit NO 


and D/A converters 
as well as data acquisition 
systems. 
The reference 
is available 
in a 3 pin TO-5 
metal can 


and 8 lead small outline 
surface 
mount 
package. 


CMOS 
DAC Reference 
NO Converter 
Reference 


Measurement 
Instrumentation 


Threshold 
Detectors 


Precision 
Analog 
Systems 


• 
±5mV Tolerance (AD581 L) 


• 
Low Tempco - 
5ppml° C Max. (AD581 L) 


• 
No External Components or Trims 


• 
Short Circuit Proof 


• 
Output Sources and Sinks Current 


• 
10mA Output Current 


• 
Low Supply Current - 
1.0mA Max. 


• 
Three-Terminal Package 


PART 
TEMP. 
RANGE 
PACKAGE 
ERROR 


AD581JH 
O"C to +70°C 
TO-39 Can 
±30mV 


AD581KH 
O"C to +70°C 
TO-39 Can 
±10mV 


AD581LH 
O"C to +70°C 
TO-39 Can 
±5mV 


AD581JCSA 
O"C to +70°C 
8 Lead S.O. 
±30mV 


AD581KCSA 
O"C to +70°C 
8 Lead S.O. 
±10mV 


AD581LCSA 
O"C to +70"C 
8 Lead S.O. 
±5mV 


AD581SH 
-55°C to +125°C 
TO-39 Can 
±30mV 


AD581TH 
-55°C to +125°C 
TO-39 Can 
±10mV 


AD581UH 
-55°C to +125°C 
TO-39 Can 
±5mV - 


Input Voltage V'N to GND 
-0.3V, +40V 
Power Dissipation 
Metal Can (Derate 6.7mW/oC above 60°C) 
600mW 
Small Outline (Derate S.3mWI"C above 7S°C) 
400mW 
Output Short-Circuit 
Duration (Note 1) 
Indefinite 
Operating 
Temperature 
Range 
Commercial 
(J, K, L) 
................•....... 
O°C to +70°C 
Military 
(S,1; U) ..............•........... 
-SsoC to +12SoC 


Storage Temperature Range 
............•.... 
-6SoC to +17SoC 


Lead Temperature (Soldering 
10sec) 
+300°C 


Dice Junction 
Temperature (Tj) 
-SsoC to +1S0°C 
Thermal Resistance. Junction 
to Ambient 
Metal Can 
..............................•........ 
1S0°C/W 


Small Outline Package 
170° C/W 


Stresses above those listed under ':Absolute Maximum 
Ratings" may cause permanent 
damage to the device. These are strBss ratings only and functional 


operation 
of the device at these or any other conditions 
above those indicated in the operational 
sections of the specifications 
is not implied. 
Exposure to 


absolute maximum 
rating conditions 
for extended periods may affect device reliability. 


ELECTRICAL CHARACTERISTICS 
(V,N 
= +15V, T A = +25°C, 
unless 
otherwise 
noted) 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN. 
TYP. 
MAX. 
UNITS 


IL ; OmA, ADS81J/S 
±30 
Output Voltage Tolerance 
ADS81KIT 
±10 
mV 


ADS81UU 
±S 


ADS81J 
13.S (30) 


Output Voltage Change 
ADS81K 
6.7S 
(1S) 


with Temperature, 
ADS81L 
2.2S 
(S) 
±mV 


(Temperature Coefficient) 
ADS81S 
30 
(30) 
(ppm/oC) 


ADS81T 
1S 
(1S) 
ADS81U 
10 
(10) 


No Load. +12.SV< V,N< +1SV 
O.OOS 
%/V 


Line Regulation 
(1.0) 
(mV) 


+1SV< V,N < +30V 
0.002 
%/V 


(3.0) 
(mV) 


Load Regulation 
IL ; OmA to SmA 
20 
SO 
ppm/mA 


(200) 
(SOO) 
(/iV/mA) 


Quiescent Supply Current 
10 
IL; OmA 
7S0 
1000 
p.A 


Turn-on Settling Time to 0.1% 
taN 
200 
/is 


Noise 
eNP_p 
0.1Hz to 10Hz 
SO 
/iVp-p 


Long-Term Sta~Jlty 
(Non-Cumulative) 
2S 
ppmlkHrs 


Short Circuit Current 
Isc 
30 
mA 


Source 
TA ; 
+2SoC 
10 
TM1Nto 
TMAX 
S 


Output Current 
IL 
V'N > VauT + 2.SV 
TMINto TMAX,ADS81J/K/L 
S 
mA 


Sink 
ADS81SIT/U 
0.2 
-SsoCto +8SoC,ADS81SIT/U 
S 


High Precision 10 Volt Reference 


_________________ 
7Ypical Operating Characteristics 


SPECTRAL NOISE DENSITY 
AND TOTAL RMS NOISE 
VI. FREQUENCY 


1 
IE 
BOO 
= 
:> 
uE 
700 


;;.: 


9.995 
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60 
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TEMPERATURE 
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SOURCE 
SINK 


OUTPUT 
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ImAI 


o 
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SETTliNG 
TIME 11'11 


As shown in Figure 1, most applications 
of the AD581 


require 
no external 
components. 
Connections 
are 


+Vs, VOUT, and GND (GND is tied to the case in the 
TO-5 package). 
Usually the desired accuracy 
is ob- 


tained 
by selecting 
the 
appropriate 
device 
grade. 


However, 
any 
part 
can 
be 
adjusted 
to 
a tighter 


tolerance, 
or to slightly 
different 
voltage, 
using the 


fine trim circuit 
in Figure 2. The table in Figure 2 lists 


the trim range for different 
values of R in the figure, 
and also shows the effect on temperature 
coefficient. 


Voltage Temperature Coefficient 


The temperature 
characteristic 
of the AD581 consis- 


tently 
follows 
an "S-curve" 
(see Typical 
Operating 
Characteristics). 
A five-point 
100% test guarantees 
compliance 
with -550 C to +1250 C specifications 
and 
a three-point 
100% test guarantees 
00 C to +700 C 
specifications. 


- 


High Precision 10 Volt Reference 


+10.0V 
TRIM 
MAX. 
R 
RANGE 
ATCR 


22n 
±30mV 
3.5ppmfOC 


12n 
±10mV 
2.0ppm/oC 


3.9n 
±5mV 
O.6ppm/oC 


The Voltage 
Change 
specifications 
in the Electrical 
Characteristics 
table 
state the 
maximum 
deviation 
over temperature 
from the reference's 
initial value at 
25°C, 
as well 
as drift 
in ppm/oC. 
By adding 
the 
maximum 
deviation 
for a given device to its initial 
tolerance, the total error is quickly 
determined. 


Output Current 


The AD581 is unique 
in that it can sink as well as 
source current. The circuit is also protected for output 
shorts 
to 
either 
+Vs or 
GND. 
The 
output 
voltage 
versus current 
characteristic 
is shown 
in the Typical 
Operating 
Characteristics 
section. 


Dynamic Performance 


The turn-on 
characteristics 
and settling 
performance 
of the AD581 
are shown 
in the Typical 
Operating 
Characteristics. 
Both 
coarse 
and 
fine 
transient 
re- 
sponse 
is shown. 
The reference 
typically 
settles to 


1mV within 180l-'s after power is applied. 


------ 
Applications 
Precision High Current Reference 


A PNP power transistor, or Darlington, 
is easily con- 
nected 
to the AD581 to greatly 
increase 
its output 


current. The circuit of Figure 3 provides a +10V output 
at up to 4 Amps. If the load has a significant 
capacitive 
component, 
compensation 
capacitor, 
C1, should 
be 
added. If the load is purely resistive, high frequency 
supply rejection is improved without 
C1. 


Low Input Voltage 


Although 
line regulation 
is specified 
from 
12.5V to 
40V, the AD581 can operate with a +12V ±5% input by 
adding 
a resistor as shown 
in Figure 4. The resistor 
reduces the current that must be supplied from VOUT. 
Note that the resistor cannot be used at higher input 


voltages 
since, 
as the supply 
increases, 
it sources 


more current than VOUTcan sink. 


Current Limiter 


By adding a single resistor as shown in Figure 5, the 
AD581 is turned 
into a precision 
current 
limiter 
for 


applications 
where the driving voltage is 12.5V to 40V. 


The 
programmed 
current 
ranges 
from 
0.75mA 
to 


SmA. 


Negatille 10V Reference 


Where a -10V reference is required, the AD581 can be 
connected 
as a two-terminal 
device and biased like a 


zener diode. The circuit is shown in Figure 6. +Vs and 
VOUT are connected 
to the system's analog 
ground, 


and the AD581's GND 
pin is connected, 
through 
a 


resistor, to the negative supply. With 1mA flowing 
in 


the 
reference, 
the output 
voltage 
is typically 
2mV 


greater than what is obtained 
with the conventional, 


positive, hook-up. 


High Precision 
10 Volt Reference 


When 
using the 2-terminal 
connection, 
the load and 
the bias resistor 
must be selected 
so that the current 
flowing 
in the reference 
is maintained 
between 
1mA 
and 5mA. 
The 
operating 
temperature 
range 
for this 
connection 
is limited to -55° to +85°C. 


Reterence tor CMOS DAC. and ADC. 


The AD581 
is well suited 
for use with a wide variety 
of D-to-A 
converters, 
especially 
CMOS 
DACs. Figure 
7 shows 
a circuit 
in which 
an AD7533 
10 bit DAC 
outputs 
0 to -10V when using a +10V reference. 
For a 
positive 
DAC output, 
the AD581 
is configured 
as a 
2-terminal 
-10V reference 
(Figure 6) and connected 
to 
the DAC's VREFinput. 


In Figure 8, an AD7574 CMOS AID converter 
uses an 
AD581 for its -10V reference 
input. 
The 
input 
range 
for the AID converter 
is OV to +10V. 


2 V,,, 
Vb. 1 
+5V 


3 
BOFa 
4 
.MAXI.M 


AIR AD7574 


5 Am 
Om 
1B 


r---- 
O,08T 
I 
IUOinmj 


1 
0,071":J 
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Pin Programmable 


Precision Voltage Reference 
_______ 
General Description 
Features 
~ 


Maxim's 
AD584 is a temperature 
compensated, 
band- 
• 
Programmable 
Outputs 
of: 
tJ 


gap voltage 
reference 
which 
provides 
pin-programm- 
+10.0V, +7.5V,+5.0V, +2.5V 
01: 


able output 
voltages 
of +10.00V, +7.50V. +5.00V, and 
• 
+5 
V 1i I 
10V (AD584L) 


+2.50V. External components 
are not required for these 
- 
m 
0 erance at + 
outputs, 
but if other voltages 
are desired, they can be 
• 
Low Tempco: 5ppm/oC 
Max. (AD584L) 
programmed 
with 
external 
resistors. 
Laser trimming 
• 
N 
E 
C 
li'l 
minimizes 
output 
error as well as temperature 
drift, to 
0 
xternal 
omponents 
or 
ms 


as low as 5mV and 5ppm/oC 
with the AD584L. 
• 
Short Circuit 
Proof 


The input voltage range ofthe AD584 is 4.5V to 30V.The 
• 
Output 
Sources and Sinks Current 


reference 
also includes 
a STROBE 
input which 
shuts 
• 
10 
A 0 
C 
down the reference 
output. Typical current drain when 
m 
utput 
urrent 
ON is 750p.A. This drops to about 100p.A when the refer- 
-~~--~ 
-~-- 
Ordering Information 
ence is strobed 
OFF. 


The AD584 is designed 
for use with 8 to 14 bit AID and 
D/A converters 
as well as data acquisition 
systems. It is 


available 
in 8-lead 
TO-99 
metal 
cans, 
plastic 
DIPs, 
CERDIPs, 
and small outline 
packages. 


PART 
TEMP. RANGE 
PACKAGE' 
ERROR 


AD584JH 
O"C to +70"C 
TO-99 Can 
±30mV 


AD584KH 
O'C to +70'C 
TO-99 Can 
±10mV 


AD584LH 
O"C to +70"C 
TO-99 Can 
±5mV 


AD584JN 
O"C to +70'C 
Plastic DIP 
±30mV 


AD584KN 
O"C to +70'C 
Plastic DIP 
±10mV 


AD584LN 
O"C to +70'C 
Plastic DIP 
±5mV 


AD584JCSA 
O'C to +70'C 
Small Outline 
±30mV 


AD584KCSA 
O"Cto +70"C 
Small Outline 
±10mV 


AD584LCSA 
O"C to +70'C 
Small Outline 
±5mV 


AD584JC/D 
O"C to +70'C 
Dice 
±30mV 


AD584SH 
-55'C to +125'C 
TO-99 
±30mV 


AD584TH 
-55'C 
to +125'C 
TO-99 
±10mV 


AD584SQ 
-55'C to +125'C 
CERDIP 
±30mV 


AD584TQ 
-55'C to +125'C 
CERDIP 
±10mV 


__________ 
Applications 


CMOS 
DAC Reference 


AID Converter 
Reference 


Measurement 
Instrumentation 


Data Loggers 


Precision 
Analog 
Systems 


Programmable 
Offset for PGAs 
• 


2.5V 
3 


COMMON 
4 


4 


COMMON 


TO-99 


IOV 
N1AXINI 
AD584 


NI~JXI~~I 
~__________ 
M.xlm Int.",.tH 
P,oduct. 
3-19 
N1AXINI 
is a registered 
trademark 
of Maxim Integrated 
Products 


Pin Programmable 
Precision Voltage Reference 


ABSOLUTE MAXIMUM RATINGS 


Input Voltage V,N to Common 
-0.3V, +40V 
Power Dissipation 
Metal Can (Derate 6.7mWI 
above +60°C) 
600mW 
CERDIP (Derate 8mWI above +75°C) 
600mW 
Plastic DIP (Derate 6mWI above +75°C) 
450mW 
Small Outline (Derate 5.3mWI 
above +75°C) 
400mW 
Output Short-Circuit 
Duration (Note 1) 
Indefinite 
Operating Temperature Range 
Commercial 
(J, K, L) 
DoC to +70°C 
Military (S, T, U) 
-55°C to +125°C 


Storage Temperature Range 
-65°C to +150°C 


Lead Temperature (Soldering 
10sec) 
+300°C 


Dice Junction 
Temperature (TJ) 
-55°C to +150°C 


Thermal Resistance, Junction 
to Ambient 
Metal Can 
150°C/W 


CERDIP 
125°C/W 


Plastic DIP 
...........•...•.....•..•............• 
160°C/W 
Small Outline 
.........•..•...•..•..•............. 
170°C/W 


Stresses above those listed under "Absolute Maximum 
Ratings" may cause permanent 
damage to the device. These are stress ratings only and functional 


operation of the device at these or any other conditions 
above those indicated in the operational 
sections of the specifications 
is not implied. Exposure to 


absolute maximum 
rating conditions 
for extended periods may affect device reliability. 


ELECTRICAL CHARACTERISTICS 
(V1N= +15V, TA = +25°C, 
unless 
otherwise 
noted) 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN. 
TYP. 
MAX. 
UNITS 


VOUT= +10V, AD584J/S 
±30 
AD584K1T 
±10 
AD584L 
±5 


VOUT= +7.5V,AD584J/S 
±22 
AD584K1T 
±8 


Output Voltage Tolerance 
IL = OmA, At Pin 1 
AD584L 
±4 
mV 
VOUT= +5.0V,AD584J/S 
±15 
AD584KIT 
±6 
AD584L 
±3 


VOUT= +2.5V,AD584J/S 
±7.5 
AD584K1T 
±3.5 
AD584L 
±2.5 


AD584L, +10V, +7.5V, +5V Out 
5 
+2.5V Out 
10 


Output Voltage 
AD584J/S, 
All Outputs 
30 


Temperature 
Coefficient 
AD584K, All Outputs 
15 
ppmfOC 


AD584T, +1OV,+7.5V, +5V Out 
15 
+2.5V Out 
20 


Differential 
Tempco 
AD584K1UT 
3 
ppm/oC 
Between Outputs 
AD584J/S 
5 


Quiescent Supply Current 
10 
IL = OmA 
750 
1000 
p.A 


Quiescent Current Tempco 
1.5 
p.AloC 


Turn-on 
Settling Time 
tON 
To±1'1o 
200 
p's 


Noise 
eNP_p 
0.1Hz to 10Hz 
50 
p.Vp p 


Long-Term 
Stability 
(Non-Cumulative) 
25 
ppml 
kHrs 


Short Circuit Current 
Isc 
30 
mA 


Line Regulation 
No Load, (VOUT+ 2.5V) < V,N< +15V 
0.005 
'ioN 
+15V < V,N< +30V 
0.002 


Load Regulation 
IL = OmA to SmA 
20 
50 
ppm/mA 


Source 
TA = +25°C 
10 


TM1Nto TMAX 
5 
Output Current 
IL 
V,N > VOUT+2.5V 
TM1Nto TMAX.AD584J/KIL 
5 
mA 
Sink 
AD584S/T 
0.2 
-55°C to +85°C, AD584SIT 
5 


Pin Programmable 


Precision Voltage Reference 


__________________ 
Typical Operating 
Characteristics 


TYPICAL 
TEMPERATURE 
CHARACTERISTICS 
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Ik 
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SOURCE 
SINK 


OUTPUT 
CURRENT 
ImAI 


OUTPUT VOLTAGE 
PROGRAMMING 
(OUTPUT 
ON PIN 1) 


10V 
Pins 2 and 3 are unconnected. 


7.5V 
Connect pins 2 and 3 together. 


5.0V 
Connect pins 2 and 1 together. 


2.5V 
Connect pins 3 and 1 together. 


o 
50 100 150 200 250 


SETTLING 
TIME Ipll 


-------Deta/led 
Description 


As shown 
in Figure 
1, most applications 
of the AD584 


require 
no external 
components. 
Connections 
to +Vs, 
and COMMON 
(COMMON 
is also tied to the case in the 


TO-99 metal package) 
with all other pins unconnected 


result in a buffered 
+10.00V output 
at pin 1. The other 


pretrimmed 
voltages are obtained 
by strapping 
pins as 


shown 
in Table 
1. If one 
or 
more 
external 
buffer 


amplifiers 
are connected 
to the programming 
pins (pin 


2,3), 
multiple 
outputs 
can 
be 
obtained 
from 
one 


reference. 


I 
.MAXI.M 
I 
AD584 
5.0V 2_1 
I 
I 
2.5V 3_J 
Other Output Voltages 


The 
AD584 
can 
be adjusted 
to 
a different 
output 


voltage 
by adding 
one or more resistors 
as in Figure 2. 
As the diagram 
shows, the reference 
can be thought 
of 


as a 1.215V band-gap 
followed 
by a noninverting 


amplifier. 
If R1 and R2 are used alone, the adjustment 


range is widest 
but the resolution 
of the trim 
may be 


too coarse, 
even when a muti-turn 
trim 
pot is used. 


Pin Programmable 
Precision Voltage Reference 


When adding 
external 
resistors, 
output 
voltages 
well 


above 
10V can be obtained. 
R2 should 
therefore 
be 
chosen 
carefully 
since 
it sets the maximum 
output 
voltage. 
R2's resistance 
should 
not be so low as to 
jeopardized 
other 
circuits 
if R1 is misadjusted. 


The 
fixed 
output 
voltages 
can 
also 
be varied 
by 
connecting 
only one resistor, as in the dashed 
lines in 
Figure 
2. Connecting 
R3 alone 
raises VOUT while 
R4 
alone 
lowers 
it. These 
resistors 
(or potentiometers) 
must 
have 
very 
low 
temperature 
coefficients 
if 
accuracy 
over temperature 
is to be unaffected 
by the 
adjustment. 


If fine adjustment 
of the output 
is all that is required, 


the circuit 
of Figure 
3 is recommended. 
It provides 
good 
stability 
and 
resolution 
for 
a trim 
range 
of 
±200mV. 
If the 2.5V output 
is adjusted, 
R2 should 
be 
connected 
to VSG, pin 6, and the trim range should 
be 
limited 
to ±100mV. 


+VS ..NIAXI..NI 


AD584 
lo.oV 
1 
Your 
I 
I 
I 


~R4 
I 
~OV 2 
I 
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I 
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• The2.5V tap (Pin 3) Is used internally as a bias point and should 
not be changed by more than 1OOmVin any trim configuration. 


lo.oV 
I. 


N1AXINI 
~OV 2 


AD584 
25V 3 


Voltage 'RImperature Coefficient 


The 
temperature 
characteristic 
of the 
AD584 
con- 


sistently 
follows 
an "S-curve" 
as shown 
in the Typical 


Charcteristics. 
A five-point 
100% test guarantees 
com- 


pliance 
with 
-55°C 
to 
+125°C 
specifications 
and 
a 


three-point 
100% test guarantees 
the O°C to +70°C 


specifications. 


The tolerance specifications 
in the Electrical 
Character- 


istics 
table 
state 
the 
maximum 
deviation 
from 
the 


reference's 
initial 
value at 25°C. 
By adding 
the maxi- 


mum deviation 
for a given device to its initial tolerance, 


the total possible 
error is determined. 


Output Current 


The AD584 
is capable 
of sinking 
as well as sourcing 


current. The circuit is also protected 
for output shorts to 


either+Vs 
or ground (COMMON). 
The output's voltage- 


versus-current 
characteristic 
is shown 
in the Typical 


Characteristics 
section. 


Dynamic Performance 


The 
turn-on 
settling 
performance 
of the 
AD584 
is 


shown 
in the Typical Characteristics. 
Both coarse and 


fine 
transient 
response 
is 
shown. 
The 
reference 


typically 
settles to 1mV (10V output) 
within 
180,us after 


power is applied. 
Noise Filtering 


The bandwidth 
of the AD584's output 
amplifier 
can be 


limited 
by connecting 
a capacitor 
between 
the CAP 


and VSG pins (see Figure 4). Typical values range from 
0.01,uF to 
0.1,uF. The 
reduction 
of 
wideband 
and 


feedthrough 
noise is plotted 
in a graph 
in the Typical 


Characteristics 
section. 


Strobe Input 


The STROBE 
input, pin 5, zeroes the reference 
output 


when 
it is pulled 
LOW. If no current 
is pulled 
from 


STROBE, operation 
is normal. The threshold 
of the in- 


put 
is 200mV, so an open-drain 
N-channel 
FET or 


open-collector 
transistor 
driven 
from 
logic 
is 
re- 


7 
CAP 


N1AXINI 
5.OV 2 
AD584 
6 VBG 


commended 
(see 
Figure 
5). 
The 
current 
sinking 
ability 
should 
be at least 
500IJA 
and 
the 
leakage 
current 
should 
be 5IJA or less. While 
shut down, 
the 
AD584 
should 
not 
be 
required 
to 
source 
or 
sink 
current 
unless a 0.7V residual 
output 
is acceptable. 
If 
the 
reference 
is required 
to sink 
transient 
current 
while shut down, 
the current 
flowing 
out of STROBE 
should 
be limited 
with 
1000 as shown 
in the dashed 
connection 
in Figure 
5. 


LOGIC INPUT 
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Pin Programmable 
Precision 
Voltage Reference 
__________ 
Appllcations 


Prec/./on HIgh Current Reference 


A PNP power 
transistor, 
or Darlington, 
is easily con- 
nected 
to the 
AD584 
to greatly 
increase 
its output 
current. 
The circuit 
in Figure 6 provides 
a +10V output 
at up to 4 Amps. If the load has a significant 
capacitive 
component, 
C1 should 
be added. 
If the load is purely 
resistive, 
high frequency 
supply 
rejection 
is improved 
without 
C1. An NPN output 
transistor 
or Darlinton 
can 
also 
be used to 
boost 
output 
current 
as shown 
in 
Figure 7. 


Current LImIter 


By adding 
a single 
resistor 
as shown 
in Figure 
8, the 
AD584 is turned into a precision current limiter for appli- 
cations 
where 
the driving 
voltage 
is 5V to 40V. The 
programmed 
current 
ranges from 0.75mA to 5mA. 


Hegetllle 10V Reference 


In applications 
which 
require 
a -10V, -7.5V, -5.0V, or 
-2.5V reference, the AD584 can be connected 
as a two- 
terminal 
device 
and 
biased 
like a zener 
diode. 
The 
circuit 
is shown 
in 
Figure 
9. 
+Vs 
and 
VOUT are 
connected 
to the analog ground 
bus, and the AD584's 
COMMON 
pin is connected, 
through 
a resistor, to the 
negative supply. With 1mA flowing 
in the reference, 
the 
output 
is typically 
2mV greater 
than what 
is obtained 
with a conventional, 
positive, 
hook-up. 


When using the 2-terminal 
connection, 
the load and the 
bias 
resistor 
must 
be selected 
so that 
the 
current 
flowing 
in the reference 
is maintained 
between 
1mA 
and 5mA. 
The operating 
temperature 
range 
for this 
connection 
is limited to -55° to +85°C. 


•• 


Pin Programmable 
Precision Voltage Reference 


B 
~ 


+Vs 


lovL 


f 


.NIAXINI 
A 0584 


5vL 


COM 


4 
VREF =- 


Rs 
Z4kn 


5% 


.NIAXI.NI 
A0584 
5V 
2 


COM 


4 


r- 


n 


OBr 


IZ20llmm) 


CAP 
V" 


STROBE 
1 


'Vs 


now 


(I.803mm) 


IO.OV 
j 
5.0V 
COMMON 


2.5V 
COMMON 


Reference for DAC. and ADC. 


'The AD584 is well suited for use with a wide variety of 
D-to-A converters, 
especially 
CMOS 
DACs. Figure 
10 
shows a circuit 
in which an AD7533 10 bit DAC outputs 
o to -5V when 
using 
a +5V reference. 
For a positive 
DAC 
output, 
the 
AD584 
can 
be 
configured 
as a 
2-terminal 
negative 
reference 
as well 
by using 
the 
connection 
of Figure 9. 


In Figu re 11, an AD7574 CMOS AID converter 
uses an 
AD584, connected 
for -2.5V, as its reference 
input so 
that 
the 
system 
can 
operate 
from 
±5V 
power. 
The 
analog 
input 
range for the circuit 
is OV to +2.5V. 


-5V 
+5V 
1 
N1AXINI 
lkn 
Voo 
A0584 
5% 


COM 
2 
VREF 


B 
-2.5V", 


+Vs 
DIGITAL 
OUTPUTS 
n01~f 


_______ 
Gener.' Description 


The AD2700 series of precision 10volt reference sources 
offers excellent 
accuracy 
and stability. 
Laser trimming 
of both initial accuracy 
and temperature 
drift ensures 
high 
precision 
over the commercial 
(O°C to +70°C), 


industrial 
(-25°C 
to 
+85°C) 
and 
military 
(-55°C 
to 
+125°C) temperature 
ranges. The guaranteed 
absolute 
accuracy 
allows the user to configure 
systems without 
the need for ovens 
or chip 
heaters 
for temperature 
regulation. 
The AD2700 
is a +10 volt output 
reference 
while the AD2701 is a -10 volt output. 
Both devices are 
guaranteed 
to 3ppm/oC max with 2.5mV initial accuracy. 


The AD2710, with a +10 volt output, 
is guaranteed 
to 
1ppm/oC max with 1mV initial accuracy. These products 
are designed 
to 
interface 
with 
high 
accuracy, 
high 
resolution 
A to 
D and 
D to A converters, 
precision 
instrumentation, 
and data acquisition 
systems. 


_________ 
Appllcations 


Precision 
D/A and AID Converter 
Reference 
Digital Voltmeters 
Precision 
Test and Measurement 
Systems 
Precision 
Calibrated 
Voltage Reference Standard 
High Accuracy 
Transducers 
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VSUPPlY 


VOUT 


.....""AXI.NI 


AD2700 
AD2710 


~~I~JXI~~I 
10 Volt Precision References 


• 
Pln-for-Pln 2nd Sourcel 


• 
Excellent Initial Accuracy 


• 
Low Temperature Coefficient 


• 
Excellent Long-Term Stability, 50ppm/1000hrs. 


• 
10mA Output Current Capability 


• 
Superior Line Regulation: 100/lVN 
max. 


• 
Standard Ceramic Side Brazed DIP 


PART 
OUTPUT VOLTAGE 
TEMP. RANGE 


AD2700JD 
+10'/, 
10 ppmfOC 
-25°C to +85°C 


AD2700LD 
+10V, 3 ppm/oC 
-25°C to +85°C 


AD2700SD 
+10V, 3 ppmfOC 
-55°C to +125°C 


AD2700UD 
+10V, 3 ppm/oC 
-55°C to +125°C 


AD2701JD 
-10V, 
10 ppm/oC 
-25°C to +85°C 


AD2701LD 
-10V, 
3 ppmfOC 
-25°C to +85°C 


AD2701SD 
-10V, 
3 ppmfOC 
-55°C to +125°C 


AD2701UD 
-10V, 
3 ppmfOC 
-55°C to +125°C 


AD2710LD 
+10V, 1 ppm/oC 
O°C to +70°C 


AD2710KD 
+10V, 2 ppm/oC 
O°C to +70°C 
Ell 


10 Volt Precision References 
ABSOLUTE MAXIMUM RATINGS 


Input Voltage 
+20V 


Power Dissipation. 
. . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . .. 
400mW 
Dperating 
Temperature Range 
AD2700JD. LD. AD2701JD. LD .......•....... 
-25'C 
to +85'C 


AD2700SD. UD. AD2701SD. UD 
.....•...... 
-55'C 
to +125'C 


AD2710KD. LD .....................•......... 
O'C to +70'C 


Storage Temperature 
.............•..•....... 
-65'C 
to +160'C 


Lead Temperature. 
. . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . .. 
+300'C 
(soldering, 
10 seconds) 


Short Circuit to GND 
.............•..•........... 
Continuous 


Stresses above those listed under "Absolute Maximum 
Ratings" may cause permanent 
damage to the devicB. These are stress ratings only, and functional 


operation 
of the devicB at these or any other conditions 
above those indicated in the operational 
sections of the specifications 
is not implied. Exposure to 
absolute maximum 
rating conditions 
for extended periods may affect device reliability. 


ELECTRICAL CHARACTERISTICS 
(V,N; +15V for AD2700 and AD2710, V'N = -15V for AD2701, TA = +25'C, RL = 2kfl, unless otherwise noted) 


PARAMETER 
CONDITIONS 
MIN. 
TYP. 
MAX. 
UNITS 


AD2700JD, SD 
9.9950 
10.0000 
10.0050 
V 


AD2700LD, UD 
9.9975 
10.0000 
10.0025 
V 


Initial Output Voltage 
AD2701JD, SD 
-10.0050 
-10.0000 
-9.9950 
V 


AD2701LD, UD 
-10.0025 
-10.0000 
-9.9975 
V 


AD2710KD, LD 
9.9990 
10.0000 
10.0010 
V 


AD2700,01JD 
TA; TM1Nto TMAX 
10 
ppm/oC 


AD2700,01LD, SD, UD 
TA ; TMINto TMAX 
3 
ppm/oC 


AD2710KD 
TA ; +25°C to +70°C 
2 
ppm/oC 


Output Voltage Drift 
AD2710LD 
TA; +25°C to +70°C 
1 
ppm/oC 


AD2710KD 
TA ; O°C to +25°C 
5 
ppm/oC 


AD2710LD 
TA; 
15°C to +25'C 
2 
ppm/oC 


AD2710LD 
TA = O°C to +15°C 
5 
ppm/oC 


AD2700JD, AD2701JD 
TA ; TM'Nto TMAX 
±11.0 
mV 


AD2700LD, AD2701 LD 
TA; TM1Nto TMAX 
±4.3 
mV 
Output Voltage Range 
AD2700SD, AD2701SD 
TA ; TMINto TMAX 
±8.0 
mV 


AD2700UD, AD2701 UD 
TA ; TMINto TMAX 
±5.5 
mV 


TA ; 25° C, for Specified 
Load Reg ulation 
10 
mA 


Output Current 
TA;TM'NtoTMAX 


V1N; +13V to +18V (2700, 2710) 
5 
mA 
V'N; 
-13V to -18V (2701) 


V'N; 
+13.5V to +16.5V (2700, 2710) 
100 
liVN 


Line Regulation 
V'N; 
-13.5V to -16.5V (2701) 
100 
liVIV 


Load Regulation 
o to 10mA to GND 
50 
liVimA 


Output Resistance 
o to 10mA to GND 
0.05 
fl 


Input Voltage Range 
AD2700, AD2710 
+13 
+18 
V 


AD2701 
-13 
-18 
V 


Quiescent Current 
No Load 
9 
14 
mA 


Noise (Note 1) 
0.1 to 10Hz 
6 
50 
liVp•P 
Long Term Stability 
TA; +55°C 
50 
ppm/1000 hrs. 


Output Adjust Range 
See Figure 1 and 2 
I 
±20 
mV 


Output Adjust Temperature 
±4 
liVioC per 


Drift Effect 
mV of adjust 


_______ 
Theory of Operation 


A zener voltage of approximately 
6.3V is applied to the 
non-inverting 
input 
of an operational 
amplifier. 
This 
voltage 
is accurately 
amplified 
to produce 
a precise 
10.000V output. 
The amplifier's 
gain setting 
resistors 
are 
actively 
laser-trimmed 
to 
produce 
the 
desired 
output 
voltage. 
The zener operating 
current 
is derived 
from the regulated 
output 
voltage, 
and actively 
laser- 
trimmed 
to produce 
the lowest drift over temperature 
at 
the output 
of the amplifier. 


____ 
Discussion 
of Performance 


The Maxim AD2700 and AD2701 are designed for appli- 
cations 
requiring 
a precision 
voltage 
reference, 
where 
initial 
accuracy 
at room 
temperature 
and drift 
over 
temperature 
are of prime importance. 


The drift specification 
of the AD2700 and AD2701 are 
guaranteed 
by making 
precise voltage 
measurements 
at -55°C, -25°C, +25°C, +85°C, and -125°C, while main- 
taining 
unit 
identity. 
In this 
way, three 
key specifi- 
cations are guaranteed: 
initial accuracy, absolute accu- 
racy over temperature, 
and drift. The upper and lower 
bound 
limits 
of absolute 
accuracy 
over temperature 
are established 
by the 
sum 
of the 
maximum 
initial 
output voltage error and the maximum 
drift from +25°C 
to TMAX. For example, 
the AD2700LD 
limit of 4.3mV is 
calculated 
from 
the addition 
of 2.5mV 
initial 
output 
voltage 
error plus the temperature 
drift error of 1.8mV 
[3ppm/OC x 10V x (85°C - 25°C)]. 


The drift specification 
is defined using the "box method" 
(Fig. 3). The "box" 
is formed 
by the TMAX and TMIN 
temperatures 
and a diagonal 
with a slope equal to the 
maximum 
specified 
drift. The maximum 
and minimum 
output 
voltages 
must meet the following 
conditions: 


(VOUTMAX- VOUTMIN)/10V x 1065 drift specification 
TMAX- TMIN 


This assures that the output 
voltage variation 
over the 
temperature 
change 
is contained 
within 
the box with 
VOUTMAXand VOUTMINlimits. 


For example, 
the AD2700LD 
maximum 
drift specifica- 
tion 
of 
3ppm/oC 
from 
-25°C 
to 
+85°C 
restricts 


(VOUTMAX- VOUTMIN)to less than 3.3mV. 


The 
AD2710 
drift 
specification 
is defined 
over 
the 


temperature 
range of O°C to +70°C using the "butterfly" 
method 
(Fig. 4), where 
endpoint 
measurements 
are 
tested 
for 
temperature 
coefficient 
from 
25°C 
inde- 


pendent of the nominal voltage. Each device is tested at 
O°C, +15°C, +25°C, and +70°C with the output 
voltage 
data recorded 
at each temperature. 
After 
the 
initial 
accuracy 
is checked 
for 1mV deviation 
from +10.000V 
at +25°C, the devices are graded according 
to tempera- 
ture coefficient 
(TC). The AD2710K has a temperature 
coefficient 
less than or equal to 2ppm/oC from +25°C to 


+70°C 
and 
5ppm/oC 
from 
O°C to 
+25°C. 
These 
temperature 
coefficients 
correspond 
to a maximum 
change 
of 
O.90mV 
and 
1.25mV 
respectively 
(see 
Fig. 4a). 


10V x (70°C 
- 25°C) 
x 2x10-6 = O.90mV 
10V x (25°C 
- O°C) x 5x10-6 = 1.25mV 


Similarly, 
the AD2710L 
is tested 
for 
1ppm/oC 
from 
+25°C to +70°C, 2ppm/oC 
from 
+15°C to +25°C, and 
5ppm/oC 
from O°C to +15°C (see Fig. 4b). The corre- 
sponding 
voltage 
limits 
are 
OA5mV 
from 
25°C 
to 
+70°C, 0.2mV from +15°C to +25°C, and 0.75mV from 
O°C to +15°C which, when added to the 0.2mVat 
+15°C, 


allows for 0.95mV change 
at O°C. 


_____ 
Application 
Information 


The Typical Operating 
Circuit 
shown on the front page 
shows 
the 
proper 
connection 
for the AD2700/2710. 


Special 
attention 
to layout 
is required 
to achieve 
the 
specified 
performance. 
A low resistance star configura- 
tion will reduce voltage errors, noise pickup, 
and noise 
coupled 
from the power supply. 


The output 
voltage 
of the AD2700 and AD2710 can be 
trimmed, 
as shown in Figure 1, by connecting 
an exter- 
nal potentiometer 
between 
pins 
12 and 
14 with 
the 
wiper connected 
to ground. 
This external 
potentiome- 
ter provides typically 
±20mV of output adjustment. 
The 
voltage 
drift will change 
by approximately 
OAppm/oC 
(or 4p.V/°C) per mV of adjustment. 


'Note: 
External 10kO potentiometer 
provides 
±20mV output adjustment. Temperature 
effect is ±4I'VfOC per mV of output 
adjustment. 


UPPER 
BOUND LIMIT 
r------------------------, 
I 
I 
I 
I 


10.lKl43 


~ 
~ 
Y"OMINAl 
10.ססoo 
~! 


i9961 


-55°C 


TYPICAL 
DRIfT 
__ 
- 


::::::::--- 
-;ppm/OC 
DIAGONAL 


I 
I 
l 
J 


lOWER 
BOUND LIMIT 


The fine trim adjustment 
of the AD2701 is achieved 
by 
connecting 
the wiper 
of the potentiometer 
to V-, as 
shown 
in Figure 2. 
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TEMPERATURE 
1'1:) 


Figure 4e. AD2710K Output Voltage Drift 


-15V 
'Note: 
External 10kO potentiometer provides 
±20mV output adjustment. Temperature 
effect is ±4/,VrC per mV of output 
adjustment. 


>{l45mV 
V_ 


IOV± 
lmV 
~45mV 


_______ 
Gener.' 
Description 


The ICL8069 is a 1.2V temperature 
compensated 
volt- 


age 
reference. 
It uses 
the 
band-gap 
principle 
to 


achieve 
excellent 
stability 
and 
low noise 
at reverse 


currents 
down 
to 5DJ.tA. 
Maxim's 
ICL8D69 also fea- 
tures excellent 
stability, 
freedom 
from oscillation. 


_________ 
Applications 


Analog 
to Digital 
Converters 
Digital to Analog 
Converters 
Threshold 
Detectors 
Voltage Regulators 
Portable 
Instruments 


OSee Note 3 


(a) Simple Relerence (1.2 Volts or Less) 


.NIAXI/H 
ICL7107 


REFHI 


COMMON 


REF LO 
II 
I 


(b) Double Regulated 100mV Relerence lor ICL7107 


One-Chip DPM Circuit. 


~~I~JXI~~I 
Low Voltage Reference 


____________ 
Features 


• 
Temperature 
Coefficient 
Guaranteed 
to 
10ppm/oC 
Max. 


• 
Low Bias Current 
.•. 
50 p.A Min. 


• 
Low Dynamic 
Impedance 


• 
Low Reverse Voltage 


• 
Low Cost 


PART 
TEMP. STABILITY 
TEMP. RANGE 


TO-92 Plastic: 


ICL6069CCZ02 
O.OO5%JOC 
O°C to +70°C 


ICL6069DCZ02 
O.Ol%/oC 
O°C to +70°C 


TO·52 Can: 


ICL6069ACS02 
O.OOl%/oC 
O°C to +70°C 


ICL6069BCS02 
O.OO25%JOC 
O·C Jo 
+70°C 


ICL6069CCS02 
O.OO5%/·C 
O°C to +70·C 


ICL6069DCS02 
O.Ol%/·C 
O·C to +70·C 


ICL6069CMS02 
O.OO5%/·C 
-55°C 
to +125°C 


ICL6069DMS02 
O.Ol%/·C 
-55·C 
to +125·C 


'- 
'.815-'.'19 
~ 
DIA. 


Low Voltage Reference 
ABSOLUTE MAXIMUM RATINGS 


Reverse Voltage . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 
See Note 1 
Forward Current 
10mA 
Reverse Current 
10mA 
Power Dissipation 
Limited by Max Forward/Reverse 
Current 
Storage Temperature Range 
-6S·C to +lS0·C 


Operating Temperature 


ICL8069C 
............................•...... 
O·C to +70·C 
ICL8069M 
............................•... 
-SS·C to +12S·C 
Lead Temperature (Soldering. 
10 Sec.) 
300·C 


Stresses above those listed under ''Absolute Maximum 
Ratings" may CBuse permanent 
damage to the device. These are stress ratings only and functional 


operation 
of the device at these or any other conditions above those indicated in the operational 
sections of the specifications 
is not implied. Exposure to 


absolute maximum 
rating conditions 
for extended periods may affect device reliability. 


ELECTRICAL CHARACTERISTICS 
(T A = +2S·C 
unless 
otherwise 
noted) 


CHARACTERISTICS 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Reverse Breakdown 
Voltage 
IA = SOO"A 
1.20 
1,23 
1.2S 
V 


Reverse Breakdown 
Voltage Change 
SO"A", 
IA 
'" SmA 
lS 
20 
mV 


Reverse Dynamic 
Impedance 
IA = SO"A 
1 
2 
n 
IA = SOO"A 
0.6 
2 


Forward Voltage Drop 
IF = SOO"A 
0.7 
1 
V 


RMS Noise Voltage 
10Hz'" f '" 10kHz 
S 
"V 
IA = SOO"A 


Breakdown 
Voltage 
Temperature 
Coefficient: 


ICL8069A 
IA = SOO"A 
.001 
ICL8069B 
TA = Operating 
.002S 
%/"C 
ICL8069C 
Temperature 
Range 
.OOS 
ICL8069D 
(Note 2) 
.01 


Reverse Current 
Range 
.OSO 
S 
mA 


Note 1: 
In normal use,the reverse voltage cannot exceed the reference voltage. Howeverwhen 
plugging units into a powered-up test fixture, 


an instantaneous 
voltage equal to the compliance 
of the test circuit will be seen. This should not exceed 20V. 


Note 2: 
For the military devices, measurements are made at2S·C, -SS·C, and 12S·C, while for the commercial 
devices measurements are 
made at 2S·C, O·C and 70·C. The unit is then classified as a function 
of the worst case TC. Sample tested to 0.1% AQL. 


No.3: 
If circuit strays in excess of 200pF are anticipated, a 4.7"F shunt capacitor will ensure stability under all operating conditions. 


VOLTAGE CHANGE AS 
A FUNCTION 
OF 
REVERSE CURRENT 


14 


12 
! 10 
~ 
zc 
u 
~ 
s:~~~~~ 
c 


-2 


JO"A 
lOO"A 
lmA 


REVERSE CURRENT 


E 
1.235 
~ 
s: 
1.230 
~ 
~ 
_ 
1.225 


_______ 
Genera' Description 


The 
REF01 and 
REF02 are precision 
voltages 
refer- 
ences that are pretrimmed 
to within ±.3% of 1OVand 5V 
respectively. 
Both 
references 
feature 
excellent 
tem- 
perature 
stability 
(as low as 8.5 ppm/oC 
worst 
case), 
low current 
drain and low noise. The REF02 also pro- 


vides a TEMP pin whose output 
voltage varies linearly 
with 
temperature, 
making 
this 
device 
suitable 
for a 
wide variety of temperature 
sensing and control 
appli- 


cations. 
Both devices are available 
from Maxim in the 
space-saving 
Small 
Outline 
package, 
as well as the 
standard 
8 pin TO-99 and MINI-DIP 
packages. 


A to D Converters 
D to A Converters 
Digital Voltmeters 
Voltage Regulators 
Threshold 
Detectors 
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GROUND 
ICASEI 


8 Lead TO-99 Metal Can 


N.C'O' 
N.C. 


VIN 
2 
7 
N.C. 


N.C.lTEMp· 
3 
• 
VOUT 


GND 
• 
5 
TmM 


8 Lead Small Outline 


~~I~JXI~~I 
+5~ +10V Precision 
Voltage References 


• 
Pretrlmmed 
to +5V, +10V ±O.3% 


• 
Excellent 
Temperature 
Stability: 
3ppm/oC 


• 
Low Noise: 10",Vp-p (REF02) 


•• 
Low Supply 
Current: 
1.4mA Max 


• 
Short Circuit 
Proof 


• 
Linear Temperature 
Transducer 
O/P (REF02) 


PART 
VouT@25°C 
PACKAGE 


TEMP RANGE: DOCTO +7DoC 


REFOIEJ 
10V±30mV 
TO-99 


REFOIHJ 
10V±50mV 
TO-99 


REFOICJ 
10V± 100mV 
TO-99 


REFOIEZ 
10V±30mV 
Hermetic 
DIP 


REFOIHZ 
10V± 50mV 
Hermetic 
DIP 


REFOICZ 
10V± 100mV 
Hermetic 
DIP 


REFOIHP 
10V ± 50mV 
Plastic DIP 


REFOICP 
10V± 100mV 
Plastic DIP 


REFOIHCSA 
10V±50mV 
Small Outline 


REFOICCSA 
10V± 100mV 
Small Outline 


TEMP RANGE: -55°C TO +125°C 


REFOIAJ 
10V±30mV 
TO-99 


REFOIJ 
10V ± 50mV 
TO-99 


REFOIAZ 
10V±30mV 
Hermetic 
DIP 


REFOIZ 
10V± 50mV 
Hermetic 
DIP 


REFOI 
REF02 


TRIM 


GND 
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•• 


Input Voltage 
REF01, A, E, H, All DICE. 
. . . .•.. 
. . .. . . .•.. 
. . .. . . .•.. 
.. 
40V 
REF01C 
,........................ 
30V 
Power Dissipation 
T099 (J) ..............................•........... 
SOOmW 


(Derate at 7.1mW/oC above 80°C) 


CERDIP (Z) 
.............................•........ 
SOOmW 


(Derate at 6.7mWI"C above 75°C) 


Plastic DIP (P) ...........................•..•..... 
SOOmW 


(Derate at S.6mW/oC 
above 36°C) 
Small Outline (S) 
..........................•...... 
300mW 
(Derate at S.OmW/oC 
above 55°C) 


Output Short-Circuit 
Duration 


(to Ground or V'N) .............•................. 
Indefinite 


Storage Temperature Range 
......•.......... 
-65°C to +1S0°C 


Operating 
Temperature Range 
REF01A, REF01 ................•...•..•... 
-55°C to +12SoC 


REF01E, REF01H, REF01C 
DoCto +70°C 


DICE Junction 
Temperature (TJ ..........•... 
-65°C to +1S0°C 


Lead Temperature (Soldering, 
60 sec.) 
+300·C 


Stresses above those listed under ':Absolute Maximum 
Ratings" may cause permanent 
damage to the device. These are stress ratings only and functional 
operation 
of the device at these or any other conditions 
above those indicated in the operational 
sections of the specifications 
is not implied. Exposure to 
absolute maximum rating conditions for extended periods may affect device reliability. 


ELECTRICAL CHARACTERISTICS-REF01 
(V,N = +1SV,TA = 2S·C, unless otherwise 
noted) 


REF01A1E 
REF01/H 
PARAMETER 
SYMBOL 
CONDITIONS 
UNITS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Output Voltage 
Vo 
IL = 0 
9.97 
10.00 
10.03 
9.95 
10.00 
10.05 
V 


Output Adjustment 
Range 
aVtrim 
Rp = 10kn 
±3.0 
±3.3 
- 
±3.0 
±3.3 
- 
% 


Output Voltage Noise 
enp_p 
0.1Hz to 10Hz (Note 5) 
- 
20 
30 
- 
20 
30 
IlVp_p 


Line Regulation 
(Note 4) 
V,N = 13V to 33V 
- 
0.006 
0.010 
- 
0.006 
0.010 
%N 


Load Regulation 
(Note 4) 
IL = Oto 10mA 
- 
0.005 
0.008 
- 
0.006 
0.010 
%/mA 


Turn-on Settling Time 
tON 
To ±0.1% of final value 
- 
5 
- 
- 
5 
- 
IlS 


Quiescent Supply Current 
Isv 
No Load 
- 
1.0 
1.4 
- 
1.0 
1.4 
mA 


Load Current 
IL 
10 
21 
- 
10 
21 
- 
mA 


Sink Current 
Is 
-0.3 
-0.5 
- 
-0.3 
-0.5 
- 
mA 


Short-Circuit 
Current 
Isc 
Vo= 0 
- 
30 
- 
- 
30 
- 
mA 


ELECTRICAL CHARACTERISTICS-REF01 
(V'N = +15\1,-SS·C '" TA", +12S·C for REF01A and REF01, O·C '" TA", +70·C for REF01E and REF01H, IL = OmA, unless otherwise 
noted) 


REF01A/E 
REF01/H 
PARAMETER 
SYMBOL 
CONDITIONS 
UNITS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Output Voltage Change with 
t!NOT 
O·C '" TA'" +70·C 
- 
0.02 
0.06 
- 
0.07 
0.17 
% 
Temperature 
(Notes 1, 2) 
-SS·C '" TA", +12S·C 
- 
0.06 
0.15 
- 
0.18 
0.45 


Output Voltage 
TCVo 
(Note 3) 
- 
3.0 
8.5 
- 
10.0 
25.0 
ppm/·C 
Temperature Coefficient 


Change in Vo Temperature 
Coefficient 
with 
Rp = 10kn 
- 
0.7 
- 
- 
0.7 
- 
ppm/% 


Output Adjustment 


Line Regulation 
O·C '" TA", +70°C 
- 
0.007 
0.012 
- 
0.007 
0.012 
%N 
(V,N= 13V to 33V)(Note 4) 
-SS·C '" TA'" +12S·C 
- 
0.009 
0.015 
- 
0.009 
0,015 


Load Regulation 
O·C'" TA", +70·C 
- 
0.006 
0.010 
- 
0.007 
0.012 
%/mA 
(IL = 0 to 8mA)(Note 
4) 
-SS·C '" TA'" +12SoC 
- 
0.007 
0.012 
- 
0.009 
0.015 


AVOTis defined as the absoiute difference 
between the maximum output voltage and the minimum output voltage over the 
specified temperature 
range expressed as a percentage of 10V: 


I 


VMAX- VM1N 


AVOT= 
10V 
x 100 


Note 2: 
Note 3: 
Note 4: 
NoteS: 


AVOTspecification 
applies trimmed to +10.000V or untrimmed. 


TCVo is defined as AVOTdivided by the temperature 
range. 


Line and Load Regulation specifications 
include the effect of self heating. 


Sample tested. 


+5'" 
+10V Precision 
Voltage References 


ELECTRICAL CHARACTERISTICS-REF01 
(V,N; +15V,TA; 
25°C, unless otherwise 
noted) 


REF01C 
PARAMETER 
SYMBOL 
CONDITIONS 
UNITS 
MIN 
TYP 
MAX 


Output Voltage 
Vo 
IL; 
OmA 
9.90 
10.00 
10.10 
V 


Output Adjustment 
Range 
.6.Vtrim 
Rp; 
10kfi 
±2.7 
±3.3 
- 
% 


Output Voltage Noise 
enp_p 
0.1Hz to 10Hz (Note 5) 
- 
25 
35 
p.Vp_p 


Line Regulation 
(Note 4) 
V'N; 
13V to 30V 
- 
0.009 
0.015 
%N 


Load Regulation 
(Note 4) 
IL;Ot08mA 
- 
0.006 
0.D15 
%/mA 
IL; 
0 to 4mA 
- 
0.006 
0.D15 


Turn-on Settling Time 
tON 
To ±0.1% of final value 
- 
5 
- 
p's 


Quiescent Supply Current 
ISY 
No Load 
- 
1.0 
1.6 
mA 


Load Current 
IL 
8 
21 
- 
mA 


Sink Current 
Is 
-0.2 
-0.5 
- 
mA 


Short-Circuit 
Current 
Isc 
Vo; 
0 
- 
30 
- 
mA 


ELECTRICAL CHARACTERISTICS-REF01 
(V,N; +15V,O°C::; TA::; 
+70°C, unless otherwise 
noted) 


REF01C 
PARAMETER 
SYMBOL 
CONDITIONS 
UNITS 
MIN 
TYP 
MAX 


Output Voltage Change with 
tNOT 
(Notes 1 and 2) 
- 
0.14 
0.45 
% 
Temperature 


Output Voltage 
TCVo 
(Note 3) 
- 
20 
65 
ppm/oC 
Temperature Coefficient 


Change in Vo Temperature 
Coefficient 
with 
Rp; 
10kfi 
- 
0.7 
- 
ppm/% 


Output Adjustment 


Line Regulation 
(Note 4) 
V,N; 13V to 30V 
- 
0.011 
0.018 
%N 


Load Regulation 
(Note 4) 
IL; 
0 to SmA 
- 
0.008 
0.018 
%/mA 


-- 
Output Adjustment 


The 
REF01 trim 
terminal 
can 
be used to adjust 
the 


voltage 
over a 10V ±300mV 
range. This feature allows 


the system designer to trim system errors by setting the 
reference to a voltage other than 10V,including 
10.240V 


for binary applications 
(see "Typical Operating 
Circuit" 


on first page). 


Adjustment 
of the output 
does not significantly 
affect 


the temperature 
performance 
of the device. The tem- 


perature coefficient 
change is approximately 
0.7 ppm/oC 


for 100mV of output 
adjustment. 


__________ 
Burn-in Circuit 


The 
burn-in 
circuit 
of Figure 
1 is used for both the 
REF01 and the REF02. All Maxim REF01s and REF02s 
are 100% burned-in 
for a minimum 
of 24hrs at 150°C 


(except for Small Outline 
package), which is equivalent 


to 25 years 
of operation 
at 25°C. 
This 
substantially 


improves 
the long term stability 
of the part, and allows 
Maxim to offer a product 
with a F.I.T. rate of better than 


10 (See Product 
Reliability 
Report RR-1A). 


.NIAXI.NI 
REF01 
REF02 


+5~ +10V Precision 
Voltage References 


ABSOLUTE MAXIMUM RATINGS-REF02 


Input Voltage 
REF02, A, E, H, All DICE. 
. . . . . . .. . . . •.. .. .. . ..•.. 
.. ... 
40V 
REF02C. D 
.....................•..•.........•....... 
30V 
Power Dissipation 
T099 (J) .....................................•.... 
500mW 


(Derate at 7.1mWfOC above 80°C) 
CERDIP (Z) 
.................................•.... 
500mW 


(Derate at 6.7mWfOC above 75°C) 
Plastic DIP (P) 
500mW 


(Derate at 5.6mW/oC 
above 36°C) 
Small Outline (S) 
300mW 


(Derate at 5.0mWfOC above 55°C) 


Storage Temperature Range 
.........•....... 
-65°C to +150°C 
Operating 
Temperature Range 
REF02A, REF02 ...................•....... 
-55°C to +125°C 
REF02E, REF02H 
, 
O°C to +70°C 
REF02C, REF02D 
.....................•...... 
O°C to +70°C 
Lead Temperature (Soldering, 
60 sec.) 
...•............ 
+300°C 
DICE Junction 
Temperature (Tj) 
•••••••••••••. 
-65°C to +150°C 
Output Short-Circuit 
Duration 


(to Ground or V,N) ...................•........... 
Indefinite 


Stresses above those listed under ':Absolute Maximum 
Ratings" may cause permanent 
damage to the devics. These are stress ratings only and functional 
operation 
of the device at these or any other conditions 
above those indicated in the operational 
sections of the specifications 
is not implied. Exposure to 
absolute maximum 
rating conditions for extended periods may affect device reliability. 


ELECTRICAL CHARACTERISTICS-REF02 
(V,N = +15V,TA = +25°C, unless otherwise noted) 


REF02A/E 
REF02lH 
PARAMETER 
SYMBOL 
CONDITIONS 
UNITS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Output Voltage 
Vo 
IL = 0 
4.985 
5.000 
5.015 
4.975 
5.000 
5.025 
V 


Output Adjustment 
Range 
.6.Vtrim 
Rp = 10kfl 
±3 
±6 
- 
±3 
±6 
- 
% 


Output Voltage Noise 
enp_p 
0.1Hz to 10Hz (Note 6) 
- 
10 
15 
- 
10 
15 
I'Vp_p 


Line Regulation 
(Note 1) 
V,N = 8V to 33V 
- 
0.006 
0.010 
- 
0.006 
0.010 
%N 


Load Regulation 
(Note 1) 
IL = 0 to 10mA 
- 
0.005 
0.010 
- 
0.006 
0.010 
%/mA 


Turn-on Settling Time 
tON 
To ±0.1% of final value 
- 
5 
- 
- 
5 
- 
I'S 


Quiescent Supply Current 
Isv 
No Load 
- 
1.0 
1.4 
- 
1.0 
1.4 
mA 


Load Current 
IL 
10 
21 
- 
10 
21 
- 
mA 


Sink Current 
Is 
-0.3 
-0.5 
- 
-0.3 
-0.5 
- 
mA 


Short-Circuit 
Current 
Isc 
Vo= 0 
- 
30 
- 
- 
30 
- 
mA 


Temperatu re Voltage Output 
VT 
(Note 2) 
- 
630 
- 
- 
630 
- 
mV 


ELECTRICAL CHARACTERISTICS-REF02 
(V,N = +15V,-55°C ~ TA~ +125°C for REF02A and REF02, O°C ~ TA ~ +70°C for REF02E and REF02H, IL = OmA, unless otherwise 
noted) 


REF02AIE 
REF02lH 
PARAMETER 
SYMBOL 
CONDITIONS 
UNITS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Output Voltage Change with 
t!"vOT 
O°C ~ TA~ +70°C 
- 
0.02 
0.06 
- 
0.07 
0.17 
% 
Temperature 
(Notes 3, 4) 
-55°C ~ TA~ +125°C 
- 
0.06 
0.15 
- 
0.18 
0.45 


Output Voltage 
TCVo 
(Note 5) 
- 
3 
8.5 
- 
10 
25 
ppm/oC 
Temperature Coefficient 


Change in Vo Temperature 
Coefficient 
with 
Rp = 10kfl 
- 
0.7 
- 
- 
0.7 
- 
ppm/% 


Output Adjustment 


Line Regulation 
O°C ~ TA~ +70°C 
- 
0.007 
0.012 
- 
0.007 
0.012 
%N 
(V,N= 8V to 33V)(Note 
1) 
-55°C ~ TA~ +125°C 
- 
0.009 
0.015 
- 
0.009 
0.015 


Load Regulation 
O°C ~ TA~ +70°C 
- 
0.006 
0.010 
- 
0.007 
0.012 
%/mA 
(lL = 0 to 8mA)(Note 
1) 
-55°C ~ TA~ +125°C 
- 
0.007 
0.012 
- 
0.009 
0.015 


Temperature Voltage Output 
TCVT 
(Note 2) 
- 
2.1 
- 
- 
2.1 
- 
mVloC 
Temperature Coefficient 


Note 1: 
Note 2: 
Note 3: 


Line and Load Regulation specifications 
include the effect of self heating. 
Limit current in or out of pin 3 to 50nA and capacitance 
on pin 3 to 30pF. 


tNOT is defined as the absolute difference 
between the maximum output voltage and the minimum output voltage over the 
specified temperature 
range expressed as a percentage of 5V: 


I 


VMAX- VMINI 
tNOT = 
5V 
x 100 


Note 4: 
NoteS: 
Note 6: 


AVOTspecification 
applies trimmed to +5.QOOVor untrimmed. 


TCVo is defined as AVoTdivided by the temperature range. 
Sample tested. 


+5~ +10V Precision 


Voltage References 


ELECTRICAL CHARACTERISTICS-REF02 
(V'N = +15V.TA = 25°C. unless otherwise 
noted) 


REF02C 
REF02D 
PARAMETER 
SYMBOL 
CONDITIONS 
UNITS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Output Voltage 
Vo 
IL = OmA 
4.950 
5.000 
5.050 
4.900 
5.000 
5.100 
V 


Output Adjustment 
Range 
aVtrim 
Rp = 10kfi 
±2.7 
±6.0 
- 
±2.0 
±6.0 
- 
% 


Output Voltage Noise 
enp_p 
0.1Hz to 10Hz (Note 6) 
- 
12 
18 
- 
12 
- 
/lVp_p 


Line Regulation 
(Note 1) 
V'N = 8V to 30V 
- 
0.009 
0.015 
- 
0.010 
0.04 
%/V 


Load Regulation 
(Note 1) 
IL = a to 8mA 
- 
0.006 
0.015 
- 
- 
- 
%/mA 
IL = a to 4mA 
- 
- 
- 
- 
0.015 
0.04 


Turn-on Settling Time 
tON 
To ±0.1% of final value 
- 
5 
- 
- 
5 
- 
/lS 


Oulescent Supply Current 
Isv 
No Load 
- 
1.0 
1.6 
- 
1.0 
2.0 
mA 


Load Current 


' 
L 
8 
21 
- 
8 
21 
- 
mA 


Sink Current 
Is 
-0.2 
-0.5 
- 
-0.2 
-0.5 
- 
mA 


Short-Circuit 
Current 
'sc 
Vo = a 
- 
30 
- 
- 
30 
- 
mA 


Temperature Voltage Output 
VT 
(Note 2) 
- 
630 
- 
- 
630 
- 
mV 


ELECTRICAL CHARACTERISTICS-REF02 
(V1N= +15V.O°C 5 TAo5 +70°C and IL = OmA. unless otherwise 
noted) 


REF02C 
REF02D 
PARAMETER 
SYMBOL 
CONDITIONS 
UNITS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Output Voltage Change with 
t.VOT 
(Notes 3 and 4) 
- 
0.14 
0.45 
- 
0.49 
1.7 
% 
Temperature 


Output Voltage 
TCVo 
(Note 5) 
- 
20 
65 
- 
70 
250 
ppmfOC 
Temperature Coefficient 


Change in Vo Temperature 
Coefficient 
with 
Rp = 10kfi 
- 
0.7 
- 
- 
0.7 
- 
ppm/% 


Output Adjustment 


Line Regulation 
(Note 1) 
V'N = 8V to 30V 
- 
0.011 
0.018 
- 
0.012 
0.05 
%/V 


Load Regulation 
(Note 1) 
IL = a to SmA 
- 
0.008 
0.018 
- 
0.016 
0.05 
%/mA 


Temperature Voltage Output 
TCIIr 
(Note 2) 
- 
2.1 
- 
- 
2.1 
- 
mVloC 
Temperature Coefficient 


- 
Output Adjustment 


The 
REF02 trim 
terminal 
can be used to adjust 
the 


output 
voltage 
over a 5V ±300mV 
range. This feature 


allows 
the system 
designer 
to trim 
system 
errors 
by 


setting 
the reference 
to a voltage 
other than 5V (see 


"Typical Operating 
Circuit" 
on first page). 


Adjustment 
of the output 
does not significantly 
affect 


the temperature 
performance 
of the device. Typically, 


the temperature 
coefficient 
change 
is O.7ppm/oC 
for 
100mV of output 
adjustment. 


'" 
780 


~ 
730 


~680 


~630 


~580 
•• 
~530 
--- 
Temperature 
Voltage Output 


The REF02 provides 
a temperature 
dependent 
output 


voltage on the TEMP pin. This voltage is proportional 
to 


the absolute 
temperature, 
and 
has a scale factor 
of 


approximately 
2.1mVloC (Figure 2). 


Output 
Voltage = 2.1(T + 273)mV 
where T = Temperature 
in °C 


Ell 


:c 


~25 
ll! 
B20 


~ 
15 
~ 
E 
10 
; 


T, = 25'C 


~ 
ro 
~ 
~ 


INPUT VOLTAGEIVOLTS) 


o 
-110-40 -ro 
0 
ro 
40 
110 110 100 lro 
140 


TEMPERATURE I'C) 


REF01 OUTPUT WIDEBAND 
NOISE va BANDWIDTH (0.1 Hz 
TO FREQUENCY INDICATED) 


REF02 OUTPUT WIDEBAND 
NOISE va BANDWIDTH (0.1 Hz 
TO FREQUENCY INDICATED) 


NORMALIZED 
LOAD 
REGULATION (diL = 10 mAl 
va TEMPERATURE 


0.6 
-60 -40 -ro 
0 
ro 
40 
60 
110 100 lro 
140 


TEMPERATURE I'C) 


NORMALIZED 
LINE REGULATION 
va TEMPERATURE 


0.6 


-60 -40 -ro 
0 
ro 
40 
60 
80 
100 lro 
140 


TEMPERATURE I'CI 


OUTPUT CHANGE DUE TO 
THERMAL 
SHOCK 


0.035 
VII = 15V 


~o.~ 
i 
~ 
0.025 
T.= 
fa= 
~ 
25°C 
75°C 
~ -- 
g 0.020 
z 


~ 
0.015 
;:; 


~ 
0.010 


&! 
~ 
0.005 


0.1 
-60 -40 -ro 
0 
ro 
40 
60 
110 100 lro 
140 


TEMPERATURE I'CI 


DEVICE IMMERSED 
/ 
IN 15'C 
OIL BATH 


o 
10 
ro 
~ 


TIME {SEC) 


+5~ +10V Precision 


Voltage References 


+15V 
2 


VIM 
VIN 
VAEF 9.09kO 


Vo 


REF02 


TRIM 


TRIM 


GNO 


4 


lOUT 


VOLTAGE COMPLIANCE, -25V 
to +BV 
HI 


+5~ +10V Precision 
Voltage References 


PART 
VouT@25·C 
PACKAGE 
PART 
VouT@25·C 
PACKAGE 


TEMP RANGE: O·C TO +70·C 
TEMP RANGE: O·C TO +70·C 


REF02EJ 
5V± 
15mV 
TO-99 
REF02DP 
5V± 100mV 
Plastic DIP 


REF02HJ 
5V ± 25m V 
TO-99 
REF02HCSA 
5V ± 25mV 
Small Outline 


REF02CJ 
5V ± 50mV 
TO-99 
REF02CCSA 
5V ± 50mV 
Small Outline 


REF02DJ 
5V± 
100mV 
TO-99 
REF02DCSA 
5V± 
100mV 
Small Outline 


, REF02EZ 
5V± 
15mV 
Hermetic 
DIP 
TEMP RANGE: -55·C 
TO +125·C 


REF02HZ 
5V ± 25mV 
Hermetic 
DIP 
REF02AJ 
5V ± 15mV 
TO-99 


REF02CZ 
5V ± 50mV 
Hermetic 
DIP 
REF02J 
5V ± 25mV 
TO-99 


REF02DZ 
5V± 
100mV 
Hermetic 
DIP 
REF02AZ 
5V ± 15mV 
Hermetic 
DIP 


REF02HP 
5V ± 25mV 
Plastic DIP 
REF02Z 
5V ± 25mV 
Hermetic 
DIP 


REF02CP 
5V ± 50mV 
Plastic DIP 


AD536A 
AD636 
True RMS-to-DC 
Converter. 
. . . .. 
. . . .. .. . . .. .. . .. . . . . .. . . 
. . . .. .. .. .. . .. .. . . . 
4-1 


True RMS-to-DC 
Converter 
4-1 


a 


~1f1~JX I~lfl 


_______ 
General Description 


The 
AD536A 
and AD636 
are true 
RMS-to-DC 
con- 


verters. 
They feature 
low power 
and are designed 
to 


accept 
low level input signals 
from 
0 to 7VJrfJ.sfor the 


AD536A 
and 
0 to 
200mVrms 
for 
the 
ADo;J6. 
Both 


devices 
accept 
complex 
input 
waveforms 
containing 


AC and DC components. 
They can be operated 
from 


either 
a single 
supply 
or dual supplies. 
Both devices 


draw 
less 
than 
1mA 
of 
quiescent 
supply 
current 


making 
them 
ideal for battery 
powered 
applications. 


Input 
and output 
offset, 
positive 
and negative 
wave- 


form symmetry 
(DC reversal), 
and full-scale 
accuracy 


are 
laser 
trimmed, 
so 
that 
no 
external 
trims 
are 


required 
to achieve 
full 
rated accuracy. 


Applications 


Digital 
Multimeters 


Battery 
Powered 
Instruments 


Panel 
Meters 


Process 
Control 


• 
lhle 
RMS-to-DC Conversion 
• 
Computes RMS of AC and DC Signals 
• 
Wide Response: 
2MHz Bandwidth for Vnnl >1V (AD536A) 
1MHz Bandwidth for Vnnl >100mV (AD636) 


• 
Auxiliary dB Output: &OdBrange for AD536A 
50dB range for AD636 
• 
Single or Dual Supply Operation 
• 
Low Power: 1.2mA typ for AD536A 
800pA typ for AD636 
______ 
Ordering Information 


PART 
TEMP. RANGE 
PACKAGE" 


AD536AJC/D 
DOC to +7DoC 
Dice 


AD536AJCWE 
DOC to +7DoC 
16 Lead Wide S.O. 


AD536AJD 
DOC to +7DoC 
14 Lead Ceramic 


AD536AJH 
DOC to +7DoC 
1D Lead TO-100 


AD536AJN 
DOC to +7DoC 
14 Lead Plastic 


AD536AJQ' 
DOC to +7DoC 
14 Lead CERDIP 


AD536AKCWE 
DOC to +7DoC 
16 Lead Wide S.O. 


AD536AKD 
DOC to +7DoC 
14 Lead Ceramic 


AD536AKH 
DOC to +7DoC 
1D Lead TO-100 


Ordering Informltlon contlnuld on III' 
page. 
'Maxim 
reserves the right 
to ship 
Ceramic Packages in lieu of 


CERDIP Packages 


lOUT 


RL 
1 
9 BUF IN 


COMMON 
2 
8 BUF OUT 


1 dB 
6 
CAY 


VIN 
+Vs 


NC 
NC 
.MAXI.NI 


-Vs 
A0536A 
NC 
A 0636 
NC 


dB 
COMMON 


BUF OUT 


BUFIN 


/ili/J XI/III 
""xlm In'-flrated ProdUCt. 
4-1 
""AX,,,,, is a registered 
trademark 
of Maxim 
Integrated 
Products. 


•• 


ABSOLUTE MAXIMUM RATINGS 


Supply 
Voltage: 
Dual Supplies 
(AD536A) 
±18V 
Power 
Dissipation 
(Package) 
(continued) 
(AD636) 
±12V 
Ceramic 
(Derate 
10mW/oC 
above 
+75° C) 
500mW 


Single 
Supply 
(AD536A) 
....•...... 
+36V 
TO-100 metal can (Derate 7mW/oC 
above +75°C) 
.. 450mW 
(AD636) 
+24V 
Output 
Short 
Circuit 
Duration 
Indefinite 


Input 
Voltage 
(AD536A) 
......................•.... 
±25V 
Operating 
Temperature 
Range: 


(AD636) 
±12V 
Commercial 
(J,K) 
O°C to +70°C 


Power 
Dissipation 
(Package) 
Military 
(S) 
-55°C 
to +125°C 
Plastic 
DIP (Derate 
12mW/oC 
above 
+75°C) 
450mW 
Storage 
Temperature 
Range 
-65°C 
to +150°C 


Small 
Outline 
(Derate 
10mW/oC 
above 
+75°C) 
400mW 
Lead Temperature 
(Soldering, 
10 sec) 
300°C 


Stresses 
above 
those listed under 
''Absolute 
Maximum 
Ratings" 
may cause 
permanent 
damage 
to the device. 
These 
are stress ratings 
only, and 


functional operation ot the device at these or any other conditions above those indicated in the operational sections of the specification is not 
implied. 
Exposure 
to absolute 
maximum 
ratings conditions 
for extended 
periods 
may affect the device reliability. 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


TRANSFER 
EQUATION 
VOUT = [avg.(V,Nfl'· 


CONVERSION 
ACCURACY 


Total Error, Internal 
Trim 
AD536AJ,AS 
±5 ±0.5 
mV±%of 


(Note 1) 
AD536AK 
±2 ±0.2 
Reading 


AD536AJ 
±0.1 ±0.01 


TM1Nto +70°C 
AD536AK 
±0.05 
±0.OO5 
mV±%of 
Total Error vs. Temperature 
AD536AS 
±0.1 ±0.005 
ReadingfOC 


+70°C 
to +125°C 
AD536AS 
±0.03 
±0.005 


Total Error vs. Supply 
±0.1 ±0.01 
mV±%of 
Reading 


Total Error vs. DC Reversal 
AD536AJ,AS 
±0.2 
%of 
AD536AK 
±0.1 
Reading 


Total Error, External 
Trim 
AD536AJ,AS 
±3 ±0.3 
mV±%of 


(Note 
1) 
AD536AK 
±2±0.1 
Reading 


ERROR 
YS. CREST 
FACTOR (Note 2) 


Crest Factor 
1 to 2 
Specified 
Accuracy 
%of 
Additional 
Error 
Crest Factor = 3 
-0.1 
Reading 
Crest Factor = 7 
-1.0 


FREQUENCY 
RESPONSE 
(Note 3) 


Bandwidth 
for 1% 
V,N = 10mV 
5 


Additional 
Error (O.09dB) 
V,N = 100mV 
45 
kHz 
V,N = 1V 
120 


V'N = 10mV 
90 
kHz 
±3dB 
Bandwidth 
V'N = 100mV 
450 


V,N = 1V 
2.3 
MHz 


AVERAGING 
TIME CONSTANT 
(Fig. 3) 
25 
mS/J1F CAV 


INPUT 
CHARACTERISTICS 


±15V Supplies 
. 
o to 7 
Vrms 


Continuous 
rms Peak Transient 
±20 
VPK•PK 
Input Signal 
Range 


±5V Supplies 
o to 2 
Vrms 


Continuous 
rms Peak Transient 
±7 
VpK.PK 


Safe Input 
All Supplies 
±25 
V 


Input 
Resistance 
13.33 
16.7 
20.00 
kO 


Input 
Offset 
Voltage 
AD536AJ,AS 
±0.8 
±2 
mV 
AD536AK 
±0.5 
±1 


ELECTRICAL CHARACTERISTICS-AD536A 
(Continued) 


(TA = 25° C, +Vs = +15V, -Vs = -15V, unless otherwise 
noted.) 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


OUTPUT 
CHARACTERISTICS 


AD536AJ 
±1 
±2 
TA = +25°C 
AD536AK 
±0.5 
±1 
mV 
AD536AS 
±2 


Offset 
Voltage 
TM1N to TMAX 


AD536AJ,AK 
±0.1 
mVioC 
AD536AS 
±0.2 


Supply 
Voltage 
AD536AJ,AK 
±0.1 
mVN 
AD536AS 
±0.2 


Output 
Voltage 
Swing 
±15V Supplies 
o to +11 
+12.5 
V 
±5V Supplies 
Oto +2 


Output 
Current 
Source 
+5 
mA 
Sink 
-130 
IJA 


Short 
Circuit 
Current 
20 
mA 


Output 
Resistance 
0.5 
0 


dB OUTPUT 


V1N = 7mV to 7V,ms' 
AD536AJ 
±0.4 
±0.6 


Error 
AD536AK 
±0.2 
±0.3 
dB 
OdB = 1V,ms 
AD536AS 
±0.5 
±0.6 


Scale Factor 
-3 
mVldB 


Scale Factor TC 
+0.33 
%of 


(Uncompensated) 
Reading 


IREF 
OdB = 1V,ms 
5 
20 
80 
IJA 


IREF Range 
1 
100 
IJA 


lOUTTERMINAL 


lOUTScale Factor 
40 
IJAN,ms 


lOUTScale Factor 
±10 
±20 
% 
Tolerance 


Output 
Resistance 
20 
25 
30 
kO 


Voltage 
Compliance 
-Vs to 
V 
(+Vs - 2.5V) 


BUFFER AMPLIFIER 


Input and Output 
-Vs to 
V 
Voltage 
Range 
(+Vs - 2.5V) 


Input Offset 
Voltage 
Rs = 25kO 
±0.5 
±4 
mV 


Input 
Bias Current 
20 
60 
nA 


Input 
Resistance 
108 
0 


Output 
Current 
Source 
+5 
mA 
Sink 
-130 
IJA 


Short 
Circuit 
Current 
20 
mA 


Small Signal 
Bandwidth 
1 
MHz 


Slew Rate (Note 5) 
5 
VlJ1S 


Note 1: 
Accuracy 
is specified 
for 0 to 7V,ms' DC to 1kHz sinewave 
input with the AD536A. 


Note 2: 
Error vs. crest factor 
is specified 
as an additional 
error for 1V,ms rectangular 
pulse stream, 
pulse width 
= 200IJs. 


Note 3: 
Input voltages 
are expressed 
in volts rms, and error as % of reading. 
Note 4: 
With 4kO external 
pulldown 
resistor. 
Note 5: 
Accuracy 
is specified 
for 0 to 200mV, DC to 1kHz sinewave 
input. 
Accuracy 
is degraded 
at higher 
rms signal 
levels. 


•• 


ELECTRICAL CHARACTERISTICS-AD536A 
(Continued) 


(TA = 25°C. 
+Vs = +15V. -Vs = -15V, unless otherwise 
noted.) 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
I 
UNITS 


POWER SUPPLY 


Dual Supplies 
Rated 
Performance 
±3.0 
±18 
V 


Single 
Supply 
Rated 
Performance 
+5 
+36 
V 


Quiescent 
Current 
Total Vs• 5V to 36V 
1.2 
2 
mA 
TMIN to 
TMAX 


Note 1: 
Accuracy 
is specified 
for 0 to 7Vrms• DC to 1kHz sinewave 
input with the AD536A. 
Note 2: 
Error vs. crest factor 
is specified 
as an additional 
error for 1Vrms rectangular 
pulse stream, 
pulse width 
= 200J1S. 
Note 3: 
Input voltages 
are expressed 
in volts rms, and error as % of reading. 
Note 4: 
With 4kO external 
pulldown 
resistor. 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


TRANSFER 
EQUATION 
Your = [avg.(VIN)2]''' 


CONVERSION 
ACCURACY 


Total Error, Internal 
Trim 
AD636J 
±0.5 ±0.6 
mV±%of 
(Notes 
5.6) 
AD636K 
±0.2 ±0.3 
Reading 


Total Error vs. Temperature 
AD636J 
±0.1 ±0.01 
mV±%of 
(O°C to +70°C) 
AD636K 
±0.1 ±0.005 
ReadingfOC 


Total Error vs. Supply 
±0.1 ±0.01 
mV±%of 
Reading 


Total Error vs. 
V1N= 200mV 
AD636J 
±0.2 
%of 
DC Reversal 
AD636K 
±0.1 
Reading 


Total Error, External 
Trim 
AD636J 
±0.3 ±0.3 
mV±%of 
(Note 5) 
AD636K 
±0.1 ±0.1 
Reading 


ERROR 
VS. CREST 
FACTOR (Note 3) 


Crest Factor 
1 to 2 
Specified 
Accuracy 
%of 
Crest Factor = 3 
-0.2 
Reading 
Crest Factor = 6 
-0.5 


FREQUENCY 
RESPONSE 
(Notes 
6.8) 


Bandwidth 
for 1% 
V'N = 10mV 
14 


Additional 
Error 
(0.09dB) 
V'N = 100mV 
90 
kHz 
V'N = 200mV 
130 


V1N= 10mV 
100 
kHz 


±3dB 
Bandwidth 
V1N= 100mV 
900 


V1N= 200mV 
1.5 
MHz 


AVERAGING 
TIME 
CONSTANT 
(Fig. 3) 
25 
ms/pF 
CAY 


INPUT 
CHARACTERISTICS 


Continuous 
rms, All Supplies 
o to 200 
mvrms 


Peak Transient 
Input Signal 
Range 
+3V, -5V Supplies 
±2.8 


±2.5V 
Supplies 
±2 
VpK_PK 


±5V Supplies 
±5 


Safe Input 
All Supplies 
±12 
V 


Input 
Resistance 
5.33 
6.7 
8.00 
kO 


Input Offset 
Voltage 
AD636J 
±0.5 
mV 
AD636K 
±0.2 


ELECTRICAL CHARACTERISTICS-AD636 
(Continued) 
(TA = 25°C, 
+Vs = +3V, -Vs = -5V, unless otherwise 
noted.) 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


OUTPUT 
CHARACTERISTICS 
(Note 5) 


TA = +25°C 
I AD636J 
±0.5 
AD636K 
±0.2 
mV 
Offset 
Voltage 
TM1N to TMAX 
±10 
mVioC 


With Supply 
Voltage 
±0.1 
mVN 


±3 -5V Supplies 
o to 1 
Output 
Voltage 
Swing 
V 
±5V to ±16.5V 
Supplies 
o to 1 


Output 
Resistance 
8 
10 
12 
kO 


dB OUTPUT 


Error 
< 
I AD636J 
±0.3 
±0.5 
dB 
7mV:S 
V1N - 
300mV 
AD636K 
±0.1 
±0.2 


Scale Factor 
-3 
mV/dB 


Scale Factor 
Tempco 
+0.33 
%/oC 
-0.033 
dB/oC 


IREF 
OdB = 1Vrms 
2 
4 
8 
pA 


'REF Range 
1 
50 
pA 


lOUTTERMINAL 


lOUTScale Factor 
100 
pANrms 


lOUTScale Factor 
-20 
±10 
+20 
% 
Tolerance 


Output 
Resistance 
8 
10 
12 
kO 


Voltage 
Compliance 
-Vs to 
V 
(+Vs - 2.0V) 


BUFFER AMPLIFIER 


Input and Output 
-Vs to 
V 
Voltage 
Range 
(+Vs - 2V) 


Input 
Offset 
Voltage 
Rs = 10kO 
I AD636J 
±0.8 
±2 
mV 
AD636K 
±0.5 
±1 


Input 
Current 
20 
60 
nA 


Input 
Resistance 
108 
0 


Output 
Current 
Source 
+5 
mA 
Sink 
-130 
pA 


Short 
Circuit 
Current 
20 
mA 


Small Signal 
Bandwidth 
1 
MHz 


Slew Rate (Note 9) 
5 
Vips 


POWER SUPPLY 


Rated Performance 
+3/-5 
Dual Supplies 
+2/-2.5 
±16.5 
V 
Single 
Supply 
+5 
+24 


Quiescent 
Current 
(Note 10) 
0.8 
1 
mA 


Note 5: 
Accuracy 
is specified 
for 0 to 2oomV, DC to 1kHz sinewave 
input. 
Accuracy 
is degraded 
at higher 
rms signal 
levels. 


Note 6: 
Measured 
at pin 8 of DIP and S.O. (lOUT)' with pin 9 tied to COMMON. 


Note 7: 
Error vs. crest factor 
is specified 
as an additional 
error for 200mVrms 
rectangular 
pulse input, 
pulse width 
= 200ps. 


Note 8: 
Input voltages 
are expressed 
in volts rms. 


Note 9: 
With 
10kO external 
pulldown 
resistor 
from pin 6 (BUF OUT) to -Vs. 


Note 10: With BUF input tied to -Vs. 
/IiI'I/JXI/lil'1 
4-5 


_______ 
Detailed Description 


The AD536A/636 
uses an implicit 
method 
of RMS 
computation 
that overcomes 
the dynamic 
range as 
well as other limitations 
inherent 
in a straightforward 
computation 
of the 
RMS. The 
actual 
computation 
performed 
by the AD536N636 
follows the equation: 


V,ms=Avg. [V'N2/ V,msl 
The input voltage, V,N, applied to the AD536N636 
is 
processed 
by an absolute 
valuelvoltage 
to current 
converter 
that 
produces 
a unipolar 
current 
I, (see 
Figure 1). This current drives one input of a squarer/ 
divider that produces 
a current 
I. that has a transfer 
function: 
,,2 
I. =-- 
b 
The 
current 
I. 
drives 
the 
internal 
current 
mirror 
through a low pass filter formed by R. and an external 
capacitor, 
CAY.As long as the time constant 
of this 
filter 
is greater 
than the longest 
period of the input 
signal, 
I. is averaged. The current 
mirror 
returns 
a 
current, 
b, to the square/divider 
to complete 
the cir- 
cuit. The current 
I. is then a function 
of the average 
of (1,2/1.) which 
is equal to I,rms. 


The current mirror also produces a 21. output current, 
louT, that 
can 
be used 
directly 
or converted 
to 
a 
voltage 
using 
resistor 
R2 and the internal 
buffer to 
provide a low impedance voltage output. The transfer 
function 
for the AD536N636 
is: 


VOUT=2 . R2 . I,ms= V'N 


ABSOLUTE 
VALUE! 
VOLTAGE-CURRENT 
CONVERTER 


SOk 


The 
dB 
output 
is obtained 
by the 
voltage 
at the 
emitter 
of 03 
which 
is proportional 
to the -log V,N. 
The emitter 
follower 
05 
buffers and level shifts this 
voltage so that the dB output 
is zero when the exter- 


nally set emitter current for 05 approximates 
b. 


____. 
Standard Connection 
(Figure 2) 


The 
standard 
rms 
connection 
requires 
only 
one 
external 
component, 
CAY. In this 
configuration 
the 
AD536N636 
measures 
the 
rms of the AC and 
DC 
levels present at the input, but shows an error for low 
frequency 
inputs as a function 
of the CAYfilter capa- 
citor. Figure 3 gives practical values of CAYfor various 
values 
of 
averaging 
error 
over 
frequency 
for 
the 
standard 
rms connections 
(no post filtering). 
If a 4t/F 
capacitor 
is chosen, the additional 
error at 10Hz will 
be 0.1%. If the DC error can be rejected, a capacitor 
should 
be connected 
in series 
with 
the 
input, 
as 
would typically 
be the case in single supply operation. 


The input and output signal ranges are a function 
of 
the supply voltages. Refer to the electrical 
character- 
istics for guaranteed 
performance. 
The buffer ampli- 
fier 
can 
be 
used 
either 
for 
lowering 
the 
output 
impedance 
of the circuit, 
or for 
other 
applications 
such as buffering 
high impedance 
input signals. The 
AD536A/636 
can be used in current 
output 
mode by 
disconnecting 
the 
internal 
load 
resistor 
RL 
from 
ground. 
The current output 
is available at pin 8 (pin 
10 on 
the 
"H" 
package) 
with 
a nominal 
scale 
of 
40t/AlVolt 
rms input for the AD536A and 100t/ANolt 
rms input for the AD636. The output 
is positive. 


ONE-QUADRANT 
SQUARER! 
DIVIDER 


Figure 
1. Simplified 
Schematic 


4-6 
. 
/"'I/J X 1/"'1 


""'" r-- "- " 
"-1% 


- 
J~ 
~1'10 


I 
1"- 


10pF 


EXTERNAL 
AVERAGING 
CAP-CAY 


OUTPUT 
SETTLING 
TIME 
TO 
COMPLETE 
99% OF 
0.1 STEP- 
seconds 


0.22pF 


0.1pF 
1Hz 


Figure 
3. Lower 
Frequency 
for Stated 
% of Reading 
Error 
and Settling 
Time 
for Circuit 
Shown 
in Figure 
2 


The accuracy 
of the AD536A/636 
can be improved 
by 


the addition 
of external 
trims as shown 
in Figure 4. 


R4 trims 
the offset. 
The input 
should 
be grounded 
and R4 adjusted 
to give zero volts output from pin 6. 


R1 is trimmed 
to give the correct 
value for either a 
calibrated 
DC input 
or a calibrated 
AC signal. 
For 


example: 
200mV 
DC input 
should 
give 200mV 
DC 
output, 
a ±200mV peak to peak sinewave should give 


141mV DC output. 


AD536A 


R1 
soon 
R2 
2490 
R3 
47kn 
R4 
50kn 


AD636 
2000 
1000 
470kn 
SOOkn 


Both the AD536A and AD636 can be used with single 
supplies down to +5V. See Figure 5. The major limita- 
tion of this connection 
is that only AC signals can be 
measured 
since the differential 
input stage must be 
biased 
off 
ground 
for 
proper 
operation. 
The 
load 
resistor 
is necessary to provide 
output 
sink current. 


The input signal is coupled through 
C2 and the value 


chosen so that the desired low frequency 
break point 


is obtained 
with the input 
resistance 
of 16.7k ohms 
for 
the 
AD536A 
and 
6.7k 
ohms 
for 
the 
AD636. 


Figure 5 shows how to bias pin 10 within the range of 
the 
supply 
voltage 
(pin 
2 on 
"H" 
packages). 
It is 
critical 
that 
no extraneous 
signals 
are coupled 
into 
this ·pin. A capacitor 
connected 
between 
pin 10 and 
ground 
is recommended. 
The common 
pin requires 
less than 
51lA of input 
current, 
and 
if the 
current 
flowing 
through 
the resistors 
R1 and R2 is chosen to 
be approximately 
10 times the common 
pin current, 


or 50llA, 
the resistor values can easily be calculated. 


•• 


Choosing the Averaging 
Time Constant 


Both the AD536A 
and AD636 compute 
the rms value 
of AC and 
DC signals. 
At low frequencies 
and 
DC, 


the 
output 
tracks 
the 
input 
exactly; 
at higher 
freq- 
uencies, the average output 
approaches 
the rms value 
of the input 
signal. 
The actual 
output 
differs 
from the 


ideal by an average 
(or DC) error 
plus some amount 


of ripple. 


The 
DC error 
term 
is a function 
of the value 
of CAY 
and the input signal frequency. 
Figure 3 allows 
CAYto 
be selected 
for 
either 
0.1% or 1% error. 
The 
output 


ripple 
is inversely 
proportional 
to the value 
of CAY. 


Waveforms 
with 
high 
crest 
factors, 
such 
as a pulse 


train with low duty cycle, should 
have an average time 


constant 
chosen 
to be at least ten times 
the signal 
period. 


Using 
a large value of CAYto remove the output 
ripple 


increases 
the settling 
time 
for a step change 
in the 


input 
signal 
level. 
Figure 
3 shows 
the 
relationship 
between 
CAYand settling 
time, 
where 
100ms settling 
equals 
1pF of CAY.The settling 
time, or time 
for the 


rms converter 
to settle to within 
a given percent 
of the 


change 
in 
rms 
level, 
is set 
by the 
averaging 
time 


constant, 
which 
varies 
approximately 
2:1 
between 


increasing 
and decreasing 
input signals. 
For example, 


increasing 
input 
signals 
require 
2.3 time constants 
to 
settle to within 
1% and 4.6 time constants 
for decreas- 


ing signals 
levels. 


In addition, 
the 
settling 
time 
also 
varies 
with 
input 


signal levels, increasing 
as the input signal is reduced, 


and decreasing 
as the input 
is increased 
as shown 
in 


figures 
6(a) and 6(b). 


SETTLING 
TIME 
RELATIVE 
7.5 
TO Wrms 
INPUT 
SETTLING 
TIME 


2.5 


1.0 
o 
lmV 
10mV 
l00mV 
W 
10V 


~~~L~~~TIVE 
7.5 
TO SETTLING 
TIME 
AT 
200mV rms 
5.0 


1.0 
o 
lmV 


A post filter allows a smaller value of CAV, and reduces 
ripple 
and 
improves 
the 
overall 
settling 
time. 
The 


value of CAV should 
be just large enough 
to give the 
maximum DC error at the lowest frequency 
of interest. 


The post filter is used to remove excess output ripple. 
Figures 
7. 8 and 9 give recommended 
filter 
connec- 


tions 
and values for 
both the AD536A 
and AD636. 
Table 1 lists the number 
of time constants 
required 


for the rms section 
to settle to within 
different 
per- 


centages 
of the final value for a step change 
in the 


input signal. 


Rx 
AD536A 
= 25IlCl 
AD636 
= 10kl'l 


DC ERROR 
OR RIPPLE- 
'10 of Reading 


Figure 
9. Performance 
Features 
of Various 
Filter 
Types for 


AD536A/AD636 


Table 1. Number of RC Time Constants 
(T) Required 
for 
AD536A, 
AD636, 
rms 
Converters 
to 
Settle 
to 


Within 
Stated % of Final Value 


For Increasing 
For Decreasing 
Amplitudes 
Amplitudes 


Basic 
Formulas 
AV 
V1-e-T/RC 
AV 
Ve-T/RC 


Settling 
Time 
to Within 
Stated 
% of New 
rms Level 


1% 
2.0T (4.6T) 
4.6T (4.6T) 


0.1% 
3.1T (6.9T) 
6.9T (6.9T) 


0.01% 
4.2T (9.2T) 
9.2T (9.2T) 


(T) Settling 
Times 
for 
Linear 
RC Filter 


The dB output 
of the AD536N636 
originates 
in the 
squarer/divider 
section 
and works 
well over a 60dB 
range. The connection 
for dB measurements 
is shown 


in Figure 10. The dB output has a temperature 
drift of 
0.03dB/oC 
and in some applications 
may need to be 
compensated. 
Figure 
10 shows 
a 
compensation 
scheme. The amplifier can be used to scale the output 
for a particular 
application. 
The values used in Figure 
10 give an output 
of +100mV/dB. 


10 


J!l 
~ 
I';. 
:> 
0.1 
~ 


0.01 


The 
AD536N636 
utilizes 
a 
logarithmic 
circuit 
in 


performing 
the rms computation 
of the input signal. 


The bandwidth 
of the rms converters 
are proportional 
to signal 
level. Figures 11 and 12 represent the freq- 


uency 
response 
of the converters 
from 
10mV to 1V 


rms for the AD536A 
and 1mV to 1V for the AD636 


respectively. 
The 
dashed 
lines 
indicate 
the 
upper 
frequency 
limits 
for 1%, 10%, and ±3dB 
of reading 
additional 
error. Caution 
must be used when design- 


ing rms measuring 
systems so that overload does not 


occur. The input clipping 
level for the AD636 is ±12V, 


and for the AD536A it is ±20V. A 7V rms signal with a 
crest factor of 3 has a peak input of 21 volts! 


200m 


100m 
J!l 
~ 
30m 
II- 
10m 
:>0> 


1m 


lllOjJ 


lk 
10k 
lOOk 
1M 
10M 


01 
IN4148 


V,N 
200mV 
+Vs 
+VOD 
V+ 


R1 
.•••••.• 
"XIA1 
9M 
2V 
3'1>DIGIT 


C3 
AID 


0.02 
MAXl30l131 
R2 
JIf 
R6 
9OOl< 
1M 
REF HI 
V- 


RS 


R3 
47k 
6.8JIf 
REF LO 
1W 
90k 
10% 
COM 


R4 
10k 
IN HI 
R7 
20k 
-COM 
02 
IN4148 
dB 
IN LO 


A low cost 
digital 
voltmeter 
(DVM) 
using 
just two 
integrated 
circuits plus supporting 
circuitry 
and LCD 
display 
is shown 
in Figure 13. The MAX130 is a 3% 
digit 
integrating 
AID converter 
with precision 
band- 
gap reference. 
The 10Mohm input attenuator 
is AC 
coupled 
to pin 6 of the AD636 buffer amplifier. The 
output 
from the AD636 is connected 
to the MAX130 


to give a direct 
reading to the LCD display. Circuit 
shown 
will 
be noisy with 
MAX131 in the dB mode. 
Add lowpass filter to dB - 
IN LOW signal path. 


3'1> 


DIGIT 
LCD 
DISPLAY 


•• 


CD 
- 
Ordering Information (continued) 
C') 
CDQ 


~ 


~ 
C') 


~ 
lICC 


PART 
TEMP. RANGE 
PACKAGE* 


AD536AKO* 
O°C to +70°C 
14 Lead CERDIP 


AD536ASD 
-55°C to +125°C 
14 Lead Ceramic 


AD536ASH 
-55°C to +125°C 
10 Lead TO-100 


AD536ASO* 
-55°C to +125° C 
14 Lead CERDIP 


AD636JC/D 
O°C to +70°C 
Dice 


AD636JCWE 
O°C to +70°C 
16 Lead Wide S.D. 


AD636JD 
O°C to +70°C 
14 Lead Ceramic 


AD636JH 
O°C to +70°C 
10 Lead TO-100 


AD636JN 
O°C to +70°C 
14 Lead Plastic 


AD636JO* 
O°C to +70°C 
14 Lead CERDIP 


AD636KCWE 
O°C to +70°C 
16 Lead Wide S.D. 


AD636KD 
O°C to +70°C 
14 Lead Ceramic 


AD636KH 
O°C to +70°C 
10 Lead TO-100 


AD636KN 
O°C to +70°C 
14 Lead Plastic 


AD636KO* 
O°C to +70°C 
14 Lead CERDIP 


Maxim 
cannot 
assume 
responsibility 
for use of any 
circUItry 
other 
than 
CircUItry 
entlfely 
embodied 
In a Maxim 
product. 
No circuit 
patent 


licenses 
are implied. 
Maxim 
reserves 
the right 
to change 
the circuItry 
and specIfications 
wIthout 
notIce at any 
time. 


Operational Amplifiers 
and Buffers 


MAX400 
MAX420 
MAX421 
MAX422 
MAX423 
MAX430 
MAX432 
MAX450 
MAX451 
MAX452 
MAX453 
MAX454 
MAX455 
MAX460 
AD3554 
BB3553 
BB3554 
ICL7611 
ICL7612 
ICL7614 
ICL7616 
ICL7621 
ICL7622 
ICL7631 
ICL7632 
ICL7641 
ICL7642 
ICL7650/B 
ICL7652/B 
LH0033/A 
LHOO63 
LH0101 
LT1001 
OP07 
PGA100 


Ultra 
Low Offset 
Operational 
Amplifier 
. 


±15V 
Chopper 
Stabilized 
Operational 
Amplifier 
. 


±15V 
Chopper 
Stabilized 
Operational 
Amplifier 
. 


Low 
Power, ±15V 
Chopper 
Stabilized 
Operational 
Amplifier 
. 


Low 
Power, ±15V 
Chopper 
Stabilized 
Operational 
Amplifier 
. 


±15V 
Chopper 
Stabilized 
Operational 
Amplifier 
. 


Low 
Power, ±15V 
Chopper 
Stabilized 
Operational 
Amplifier 
. 


10MHz 
CMOS 
Video Amplifier 
'" 
. 


Low 
Bias Current 
10MHz Video 
Amplifier 
. 
50MHz 
CMOS 
Video 
Amplifier 
. 


2 Channel 
Mux'ed 
50MHz Video 
Amplifier 
. 


4 Channel 
Mux'ed 
50MHz Video 
Amplifier 
. 


8 Channel 
Mux'ed 
50MHz Video 
Amplifier 
. 


High Accuracy 
Fast Buffer 
. 


Wideband, 
Fast-Settling 
Operational 
Amplifier 
. 


Very Fast Buffer 
Amplifier 
. 


Wideband, 
Fast Settling 
Operational 
Amplifier 
. 


Low 
Power, Single 
Operational 
Amplifier 
. 


Low 
Power, Single 
Operational 
Amplifier 
. 


Low 
Power, Single 
Operational 
Amplifier 
. 


Low 
Power, Single 
Operational 
Amplifier 
. 


Low 
Power, Dual Operational 
Amplifier 
. 


Low 
Power, Dual Operational 
Amplifier 
. 


Low 
Power, Triple Operational 
Amplifier 
. 


Low 
Power, Triple Operational 
Amplifier 
. 


Low 
Power, Quad Operational 
Amplifier 
. 


Low 
Power, Quad Operational 
Amplifier 
. 


Chopper 
Stabilized 
Operational 
Amplifier 
. 


Chopper 
Stabilized 
Operational 
Amplifier 
. 


Fast Buffer 
Amplifier 
. 


Very Fast Buffer Amplifier 
. 
Power Operational 
Amplifier 
. 


Low Offset Operational 
Amplifier 
. 


Precision 
Operational 
Amplifier 
. 
Programmable 
Gain Amplifier 
. 


5-1 
5-5 
5-5 
5-5 
5-5 


5-17 
5-17 
5-25 
5-25 
5-29 
5-29 
5-29 
5-29 
5-37 
5-43 
5-95 
5-43 
5-49 
5-49 
5-49 
5-49 
5-49 
5-49 
5-49 
5-49 
5-49 
5-49 
5-65 
5-75 
5-85 
5-95 
5-101 
5-113 
5-117 
5-123 


III 


Operational Amplifiers 
Bipolar, Chopper Stabilized and Programmable Gain 


Part 
Initial 
VOS 
ISlAS 
Supply 
Noise 
Page 
Number 
vas 
Tempcos 
(pAmax) 
Supply 
Voltage 
Current 
DC-1Hz 
Features 
No. 


lIN maxI 
(jlVrCmax) 
(mA maxI 
!IN pk-pk 
typ) 


MAX400 
10 
0.3 
2000 
±3Vto 
±18V 
4.0 
0.15 
Non-Chopped 
5-1 


MAX420 
10 
0.05 
30 
±2.5V to ± 16.5V 
2.0 
0.3 
± 15V Operation 
5-5 
MAX421 
10 
0.05 
30 
±2.5V to ± 16.5V 
2.0 
0.3 
± 15V Operation 
5-5 
MAX422 
10 
0.05 
30 
±2.5V to ± 16.5V 
0.5 
0.4 
Low Current 
5-5 
MAX423 
10 
0.05 
30 
±2.5V to ± 16.5V 
0.5 
0.4 
Low Current 
5-5 


MAX430 
10 
0.05 
30 
±2.5V to ±16.5V 
2.0 
0.3 
No Ext Capacitors 
5-17 
MAX432 
10 
0.05 
30 
±2.5V to ± 16.5V 
0.5 
0.4 
No Ext Capacitors 
5-17 


ICL7650 
5 
0.05 
10 
±2.25V to ±BV 
2.0 
0.7 
Low IBIAS 
5-65 
ICL7650B 
10 
0.1 
20 
±2.25V to ±8V 
2.0 
0.7 
Lowest Cost 
5·65 
ICL7652 
5 
0.05 
30 
±2.5Vto±BV 
2.0 
0.2 
Lowest Noise 
5-75 


LT100l 
15 
0.6 
4000 
±3Vto±18V 
2.5 
0.15 
Non-Chopped 
5-113 


OP07A 
25 
0.6 
2000 
±3Vto±18V 
4.0 
0.15 
Non-Chopped 
5-117 
OP07E 
75 
1.3 
4000 
±3Vto±18V 
4.0 
0.15 
Non-Chopped 
5-117 


PGA100 
0.5 
6 
+5V and ±BV to ±15V 
0.2 
Programmed 
5-123 
Gain and Input Mux 
CMOS 


Part 
Description 
Compensation 
Offset 
Vos Selection 
los 
Is 
Page 
Number 
Null 
(mVmax.) 
(pAtyp.) 
(pAtyp.) 
No. 


ICL7611 
Single, Selectable 
Ia 
Internal 
Yes 
2,5,15 
0.5 
1 
5-49 


ICL7612 
Single, Selectable 
10 
Internal 
Yes 
2,5,15 
0.5 
1 
5-49 


Extended 
CMVR5-49 
ICL7614 
Single, Fixed Ia 
External 
Yes 
2,5,15 
0.5 
5-49 


ICL7616 
Single, Selectable 
Ia 
Internal 
Yes 
2,5,15 
0.5 
5-49 


Extended 
CMVR 
ICL7621 
Dual, Fixed 10 
Internal 
No 
2,5,15 
0.5 
5-49 


ICL7622 
Dual, Fixed Ia 
Internal 
Yes 
2,5,15 
0.5 
5-49 


ICL7631 
Triple, Selectable 
10 
Internal 
No 
5,10,20 
0.5 
5-49 


ICL7632 
Triple, Selectable 
10 
Internal 
No 
5,10,20 
0.5 
5-49 


ICL7641 
Quad, Fixed Ia 
Internal 
No 
5,10,20 
0.5 
5-49 


ICL7642 
Quad, Fixed Ia 
Internal 
No 
5,10,20 
0.5 
5-49 


Video Amplifiers and Buffers 


Part 
Type 
Bandwidth 
Slew Rate 
Output 
Current 
Features 
Page 
Number 
(MHz) 
(VII's) 
(mA) 
No. 


MAX450 
Video Op Amp 
10 
70 
30 
Drives 750 
5-25 
MAX451 
Video Op Amp 
10 
70 
30 
1nA max IBIAS 
5-25 
MAX452 
Video Amp 
50 
150 
20 
Drives 750 
5-29 
MAX453 
Video MUxlAmp 
50 
150 
20 
2 Ch InpU1max 
5-29 
MAX454 
Video MUxlAmp 
50 
150 
20 
4 Ch InpU1max 
5-29 
MAX455 
Video MUxlAmp 
50 
150 
20 
8 Ch Input max 
5-29 


MAX460 
Video Buffer 
100 
1500 
100 
Low IB and CIN 
5-37 


AD3554 
VideoOpAmp 
1200 
1000 
100 
High Gain 
5-43 


BB3553 
Video Buffer 
300 
6000 
200 
Drive 500 
5-95 
BB3554 
VideoOpAmp 
1700 
1000 
100 
High Gain 
5-43 


LH0033 
Video Buffer 
100 
1500 
100 
Drives 750 
5-85 
LHOO63 
Video Buffer 
300 
6000 
200 
Drives 500 
5-95 
LH010l 
PowerOpAmp 
5 
10 
2000 
0.008% THO 
5-101 


5-ii 
/II"I/JXI/II"I 


~~I~JXI~~I 


Ultra Low Offset 


Voltage Operational 
Amplifier 


_______ 
General Description 


The MAX400 guaranteed 
maximum 
10P.'yoffset error 


is the 
lowest 
input 
offset 
voltage 
of any commer- 
cially 
available 
(nonchopper) 
monolithic 
amplifier. 


The 
MAX400 
represents 
a 2.5 times 
improvement 
over the highest 
grade OP07 (the OP07A), and a 5 


times 
improvement 
over the best commercial 
tem- 
perature 
range device 
(OP07E). 
The offset 
voltage 
drift 
is guaranteed 
to be a maximum 
of O.3ItVJOC 


which is also an improvement 
over the OP07 family. 


For the ultimate 
in DC performance 
(51tV maximum 
offset voltage and O.05ItV/oC maximum 
offset voltage 
drift) 
the 
MAX420 
and 
MAX430 
series 
of 
±15V 
monolithic 
chopper 
stabilized 
amplifiers 
should 
be 


consulted. 


Precision Amplifiers 


Thermocouple 
Amplifiers 


Low Level Signal Processing 


Medical Instrumentation 


Strain Gauge Amplifiers 


High Accuracy 
Data Acquisition 


Vas TRIM 


Vas TR10M1 
1 V+ 


-IN 
2 
e 
VOUT 


+IN 
3 
• 
5 
N.C. 


V- 


B Lead TO-99 


Vas TRIM 


-IN 


Vas TRIM 


V+ 


____________ 
Featurea 


• 
Ultra Low Offset Voltage: 10itV (max.) 


• 
Ultra Low Offset Voltage Drift: O.2itVloC 


• 
Ultra Stable ys. Time: O.2itVlMonth 


• 
Ultra 
Low Noise O.35pVp-p 


• 
Wide Supply 
Voltage: ±3V to ±18V 


• 
High Common 
Mode Input 
±14V 


• 
No External 
Components 
Required 


• 
Fits OP07, AD510, 725, 108A1308A Sockets 


PART 
TEMP. RANGE 
PACKAGE 


MAX400MJA 
-55°C 
to +125°C 
8 Lead CERDIP 


MAX400MTV 
-55°C 
to +125°C 
8 Lead TO-99 


MAX400EJA 
-4DoC to +85° C 
8 Lead CERDIP 


MAX400ETV 
-4DoC to +85°C 
8 Lead TO-99 


MAX400CTV 
DOCto +7DoC 
8 Lead TO-99 


MAX400CPA 
DOCto +7DoC 
8 Lead Plastic DIP 


MAX400CSA 
DOCto +7DoC 
8 Lead Small Outline 


Ultra Low Offset 
Voltage Operational Amplifier 
ABSOLUTE MAXIMUM RATINGS 


Total Supply Voltage (V+ to V-) 
±22V 
Internal Power Dissipation 
500mW 
TO-99(T) 
- 
derate at 7.1mW/oC above +80°C 
Hermetic Dip(J) - 
derate at 6.7mW/oC above +75°C 
Plastic Dip(P) - 
derate at 5.6mW/oC above + 36°C 
Differential 
Input Voltage 
±30V 
Input Voltage (Note 1) 
±22V 
Storage Temperature Range 
-65°C to +150°C 


Note 1: 
For supply voltages less than ±22V. the absolute maximum input voltage is equal to the supply voltage. 


Operating Temperature Range 
MAX400M 
.................•........... 
-55°C to +125°C 
MAX400E 
-40°C to +85°C 
MAX400C .. . . .. . . .. .. .. .. .. .. .. . . .. . . .. . .. 
O°C to +70°C 
Lead Temperature (Soldering. 
10 sec) 
+3OO°C 
Duration of Output Short Circuit 
Indefinite 


Junction 
Temperature (TJ) 
••••••••••••••.•••• 
-65°C to +160°C 


Stresses 
above those listed 
under 
''Absolute 
Maximum 
Ratings" 
may cause permanent 
damage 
to the device. 
These are stress ratings 
only and functional 


operation 
of the device at these or any other conditions 
above those indicated 
in the operational 
sections of the specifications 
is not implied. 
Exposure to 


absolute maximum 
rating conditions 
for extended periods may affect device reliability. 


ELECTRICAL CHARACTERISTICS 
(Vs = ±15V. TA = +25°C. unless otherwise 
noted.) 


MAX400M 
MAX400C/E 
PARAMETER 
SYMBOL 
CONDITIONS 
UNITS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Input Offset Voltage 
Vos 
(Note 2) 
4 
10 
10 
15 
p.V 


Long Term Input 
Vos/Time 
(Note 3) 
0.2 
1.0 
0.2 
1.0 
p.VI 


Offset Voltage Stability 
Month 


Input Offset Current 
los 
0.3 
2.0 
0.3 
2.0 
nA 


Input Bias Current 
Ie 
±0.7 
±2.0 
±O.7 
±2.0 
nA 


Input Noise Voltage 
eNP_p 
0.1Hz to 10Hz (Note 4) 
0.35 
0.6 
0.35 
0.6 
p.Vp_p 


Input Noise Voltage 
fo = 10Hz (Note 4) 
10.3 
18.0 
10.3 
18.0 


Density 
eN 
fo = 100Hz (Note 4) 
10.0 
13.0 
10.0 
13.0 
nVlJR'Z 


fo = 1000Hz (Note 4) 
9.6 
11.0 
9.6 
11.0 


Input Noise Current 
IN p_p 
0.1Hz to 10Hz (Note 4) 
14 
30 
14 
30 
pAp_p 


Input Noise 
fo = 10Hz (Note 4) 
0.32 
0.80 
0.32 
0.80 


Current Density 
IN 
fo = 100Hz (Note 4) 
0.14 
0.23 
0.14 
0.23 
pAlJR'Z 


fo = 1000Hz (Note 4) 
0.12 
0.17 
0.12 
0.17 


Input Resistance 
R'N 
(Note 5) 
30 
80 
20 
60 
Mil 
Differential-Mode 


Input Resistance 
R,NCM 
200 
200 
Gil 
Common-Mode 


Input Voltage Range 
IVR 
±13 
±14 
±13 
±14 
V 


Common-Mode 
CMRR 
VCM= ±13V 
114 
126 
114 
126 
dB 
Rejection Ratio 


Power Supply 
PSRR 
Vs = ±3V to ±18V 
4 
10 
4 
10 
p.VIV 
Rejection Ratio 


Large Signal 
RL ~ 2kO.Vo = ±10V 
500 
1000 
500 
1000 


Voltage Gain 
Avo 
RL ~ 5000, Vo = ±0.5V 
150 
400 
150 
400 
VlmV 


Vs = ±3V (Note 5) 


RLe: 10kil 
±12.5 
±13.0 
±12.5 
±13.0 
Output Voltage Swing 
Vo 
RL e: 2kO 
±12.0 
±12.8 
±12.0 
±12.8 
V 


RLe: 1kil 
±10.5 
±12.0 
±10.5 
±12.0 


Note 2: 
Vos is measured one minute after application 
of power. 
Note 3: 
Long-Term Input Offset Voltage Stability 
refers to the average trend line of Vos vs. Time over extended periods after the first 30 


days of operation. 
Excluding 
the initial hour of operation. 
changes in Vos during the first 30 operating 
days are typically 
2.5p.V 


- 
refer to typical performance 
curves. Parameter is sample tested. 


Note 4: 
Sample tested. 


Note 5: 
Guaranteed 
by design. 


Ultra Low Offset 


Voltage Operational Amplifier 


ELECTRICAL CHARACTERISTICS 
(continued) 
~ 


(Vs = ±15V, TA = +25°C, unless otherwist' 
noted.) 
i: 


~ 
8 


MAX400M 
MAX400C/E 
PARAMETER 
SYMBOL 
CONDITIONS 
UNITS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Slew Rate 
SR 
RL;;, 2kO (Note 6) 
0.1 
0.3 
0.1 
0.3 
VI"S 


Closed-Loop 
BW 
AVCL = +1V (Note 6) 
0.4 
0.6 
0.4 
0.6 
MHz 
Bandwidth 


Open-Loop 
Output 
Ro 
Vo = OV, 10 = 0 
60 
60 
0 
Resistance 


Power Consumption 
Po 
Vs = ±15V, No Load 
75 
120 
75 
120 
mW 
Vs = ±3V, No Load 
4 
6 
4 
6 


Offset Adjustment 
Rp = 20kO 
±4 
±4 
mV 
Range 


ELECTRICAL CHARACTERISTICS 
(Vs = ±15V, TA = Full Operating 
Temperature Range, unless otherwise 
noted.) 


MAX400M 
MAX400C/E 
PARAMETER 
SYMBOL 
CONDITIONS 
UNITS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Input Offset Voltage 
Vos 
(Note 7) 
20 
40 
20 
40 
"V 
Average Temperature 
Coefficient 
of Input 
TCVos 
(Note 8) 
0.2 
0.3 
0.2 
0.3 
"VloC 
Offset Voltage 


Input Offset Current 
los 
0.8 
4.0 
0.8 
4.0 
nA 


Average Input Offset 
TClos 
(Note 9) 
5 
25 
5 
25 
pA/oC 
Current Drift 


Input Bias Current 
IB 
±1.0 
±4.0 
±1.0 
±4.0 
nA 


Average Input Bias 
TCIB 
(Note 9) 
8 
25 
8 
25 
pA/oC 
Current Drift 


Input Voltage Range 
IVC 
±13 
±13.5 
±13 
±13.5 
V 


Common-Mode 
CMRR 
VCM = ±13V 
106 
123 
106 
123 
dB 
Rejection Ratio 


Power Supply 
PSRR 
Vs = ±3V to ±18V 
5 
20 
5 
20 
"VlV 
Rejection Ratio 


Large Signal 
Avo 
RL;;, 2kO, Vo = ±10V 
200 
400 
200 
400 
VlmV 
Voltage Gain 


Output Voltage Swi ng 
Vo 
RL;;, 2kO 
±12.0 
±126 
±12.0 
±12.6 
V 


Note 7: 
Offset Voltage is measured one minute after application 
of power. 


Note 8: 
100% tested. 


Note 9: 
Sample tested. 


Voltage Operational Amplifier 
_________________ 
7Yplcal Operating Characteristics 


MAXIMUM 
OUTPUT 
SWING 


VI. FREQUENCY 
LOW 
FREQUENCY 
NOISE 


28 


24 
isto~ 20 
i!l~ 
16 
~~ 
12 
'" 
~~ 


10k 
lOOk 
1M 


FREQUENCY 
(Hz) 


CMRR 
VI. FREQUENCY 
PSRR 
VI. FREQUENCY 


136 
120 


120 
110 


110 
100 


~ 
100 
90 
~ 
90 
80 


80 
70 


70 
60 


60 
50 


1.0 
10 
100 
Ik 
10k 
lOOk 
01 
1.0 
10 
100 
Ik 
10k 


FREQUENCY IHzl 
FREQUENCY 1Hz) 


OFFSET 
VOLTAGE 
CHANGE 
INPUT 
BIAS 
CURRENT 
DUE 
TO THERMAL 
SHOCK 
VI. TEMPERATURE 


36 
Va· ±15V 


25 


5' 
~ 
=: 20 
Ii 
m~ 
I 
i~ 15 
~~ 
~ 
",l:j 
ii~ 
~ 
..~ 10 
~ 
c~ 


TOTAL 
INPUT 
NOISE 
VOLTAGE 
VI. FREQUENCY 


1000 
RSI • Ru 
It< ZOOkn 


TIlERMRL NOISE OF SOURCf 


~ 
100 
~ 
!i~~ 
10 
~ 
'"~ 
z 
v,. ±15V 
TO' 
'!5'C 


1.0 


1.0 
10 
100 
1k 


FREQUENCY 
(Hz) 


OPEN 
LOOP 
FREQUENCY 
RESPONSE 


120 
Vs =±15V 


fA'" ·25°C 


80 
~,.~ 
40 
§ 
z~ 


-40 


01 
1 
10 
100 
lk 
10k 
lOOk 
1M 
10M 


FREQUENCY(IIz) 


INPUT 
BIAS 
CURRENT 
va. 


DIFFERENTIAL 
INPUT 
VOLTAGE 


30 
AT LV."" s I.OY.111Is 2IIA 


_______ 
General Description 


The MAX420, 
421, 422, and 423 are a series of ±15V 
CMOS chopper-stabilized 
amplifiers, 
designed for high 
accuracy 
amplification, 
signal conditioning 
and instru- 
mentation 
applications. 
These devices offer input offset 
and drift specification 
superior 
to previous 
"precision" 


bipolar amplifiers 
and monolithic 
choppers. 
The maxi- 
mum offset is 5.0J1.V while the guaranteed 
drift limit is 
O.05J1.V/oC. 


The combination 
of ±15 volt operation, 
low power, and 
standard op-amp pin configuration 
allows these devices 
to virtually 
"plug-in" 
replace 
conventional 
lower-per- 


formance 
amplifiers. 
The only additional 
components 
required 
are two 
external 
capacitors. 
A wide 
input 


voltage 
range specification, 
that includes 
the negative 
supply, allows forthe 
amplification 
of signals including 
ground 
in single-supply 
applications. 


The 
MAX420 
(8 pin) 
and 
MAX421 
(14 pin) 
have a 
maximum 
supply 
current 
of 2mA. The MAX422 (8 pin) 
and MAX 423 (14 pin) are low power amplifiers 
with a 
maximum 
current 
of O.5mA. 


Precision 
Amplifiers 
Signal Conditioning 
for: 


Thermocouples 
Strain Gauges, 
Load Cells 
Platinum 
Temperature 
Sensors 
Thermistors, 
Bridges 
High Accuracy 
Data Acquisition 
D.C. Stabilization 
of Amplifiers 
and Systems 


~~I~JXI~~I 
±15 Volt Chopper Stabilized 
Operational Amplifier 


• 
5J.lVMax Offset Voltage 


• 
±15V Supply 
Operation 


• 
Input Voltage Range: +12V to -15V 


• 
Low Input Noise: O.3J1.Vp_ p (DC -1Hz) 


• 
High Gain, CMRR, PSRR: 120dB 


• 
Low Power CMOS 
Design: O.5mA Max 
Supply 
Current 
(MAX422/423) 


• 
Low Input Bias Current: 
30pA Max 
______ 
Ordering Information 


PART 
TEMP. RANGE 
PACKAGE 


MAX420CPA 
O°C to +70°C 
8 Lead Plastic DIP 


MAX420EPA 
-4Q°C to +85°C 
8 Lead Plastic DIP 


MAX420MTV 
-55°C to +125°C 
TO-99 Metal Can 


MAX421CPO 
DOCto +70°C 
14 Lead Plastic DIP 


MAX421CWE 
O°Cto +70°C 
16 Lead Small Outline 


MAX421C/D 
O°Cto +70°C 
Dice 


MAX421EPD 
-4Q°C to +85°C 
14 Lead Plastic DIP 


MAX421MJD 
-55°C to +125°C 
14 Lead CERDIP 


±15 Volt Chopper Stabilized 
Operational Amplifier 


Total Supply Voltage (V' to V-) 
36V 
Input Voltage 
....................•... 
(V' + 0.3) to (V- - 0.3) V 
Storage Temperature Range 
-65°C to +160°C 
Operating 
Temperature Range 
See Note 1 
Lead Temperature 
(Soldering, 
10 see) 
+300°C 
Voltage on Oscillator 
Control 
Pins 
V· to V- 


Duration of Output Short Circuit 
Indefinite 


Current Into Any Pin 
10mA 


Continuous 
Total Power Dissipation 
(TA = +25°C) 


CERDIP Package 
500mW 


Plastic Package 
375mW 


TO-99 .. . . .. . . . .. .. . . .. • . .. .. .• . .• . . . .. . . .. .. .. 
250mW 


Stresses above those listed under "Absolute Maximum 
Ratings" may cause permanent 
damage to the device. These are stress ratings only and functional 
operation 
of the device at these or any other conditions 
above those indicated in the operational 
sections of the specifications 
is not implied. Exposure to 
absolute maximum rating conditions for extended periods may affect device reliability. 


ELECTRICAL CHARACTERISTICS MAX420, MAX421 
(V' = +15V,v- = -15V, TA = +25°C. Test circuit unless noted.) 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN. 
TYP. 
MAX. 
UNITS 


TA = +25°C 
C 
±1 
±10 
p.V 
E,M 
±1 
±5 


Input Offset Voltage 
Vos 
Over Temperature 
C 
±2 
±20 


Range (Note 1, 2) 
E,M 
±2 
±10 
p.V 


Average Temperature 
tNos 
Over Temperature 
Coefficient 
of Input 
E,M 
0.02 
0.05 
p.VloC 


Offset Voltage 
aT 
Range (Note 1, 2) 


TA = +25°C 
C 
10 
100 
pA 
E,M 
10 
30 


Input Bias Current 
IB 
Over Temperature 
C 
30 
pA 


Range (Note 1) 
E 
35 
pA 
M 
0.5 
5 
nA 


TA = +25°C 
C 
15 
200 
pA 
E,M 
15 
60 


Input Offset Current 
los 
Over Temperature 
C 
30 
pA 


E 
50 
pA 
Range (Note 1) 
M 
0.5 
10 
nA 


Input Resistance 
R'N 
10'2 
0 


Large Signal Voltage Gain 
AVOL 
RL = 10kO, VOUT = ±10V, TA = +25°C 
120 
150 
dB 
Over Temperature Range (Note 1) 
120 
150 


Output Voltage Swing 
VOUT 
CLAMP not 
I 
RL = 10kO 
±12 
±14.5 
V 
connected 
(note 3) 
RL ~ 100kO 
±14.95 


Common-Mode 
CMVR 
+12, -15 
+12.5, -15.1 
V 
Voltage Range 


Common-Mode 
CMRR 
CMVR = +12V to -15V, TA = +25°C 
120 
140 
dB 
Rejection Ratio 
Over Temperature Range (Note 1) 
110 
140 


Power Supply 
PSRR 
±3V to ±16.5V, TA = 25°C 
120 
140 
dB 
Rejection Ratio 
Over Temperature Range (Note 1) 
110 
140 


Input Noise Voltage 
Rs = 1000, DC to 1Hz 
0.3 
(P-P value not exceeded 
eNp_p 
p.Vp_p 


95% of time) 
DC to 10 Hz 
1.1 


Input Noise Current 
IN 
f = 10Hz 
0.01 
pA/JRZ 


Unity-Gain 
Bandwidth 
GBW 
500 
kHz 


Slew Rate 
SR 
CL = 50pF, RL = 10kO 
0.5 
Vlp.s 


Rise Time 
tr 
0.7 
p's 


Overshoot 
20 
% 


Note 1: 
Note 2: 
Note 3: 


Operating 
temperature 
range for "C" parts is O°C to +70°C, for "E" parts is -40°C to +85°C, and for "M" parts is -55°C to +125°C. 


Guaranteed 
by design. 
The OUTPUT 
CLAMp, pin 9 on MAX421, when connected 
to the inverting 
input (pin 4), reduces the overload 
recovery 
time 


inherent with chopper-stabilized 
amplifiers 
(see text). 
All pins are designed 
to withstand 
electrostatic 
discharge 
(ESD) levels in excess of 2000V (Mil Std 883C, Method 3015.2 Test 


Circuit). 


±15 Volt Chopper Stabilized 


Operational Amplifier 


ELECTRICAL CHARACTERISTICS 
MAX420, MAX421 (continued) 


(V'; 
+15V,v-; -15V, TA; 
+25°C. Test circuit unless noted.) 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN. 
TYP. 
MAX. 
UNITS 


Operating 
Supply Range 
V., V- 
±2.5 
±16.5 
V 


Supply Current 
Is 
No Load, TA ; +25°C 
1.3 
2.0 
mA 
Over Temperature Range (Note 1) 
3.5 


Internal Chopping 
Frequency 
feh 
Pins 12-14 Open (MAX421) 
400 
Hz 


Clamp ON Current (Note 3) 
IcLP (ON) 
RL; 
100kO 
25 
100 
IJA 


Clamp OFF Current (Note 3) 
IcLP (OFF 1 
-10V ,; Vour'; 
+10V 
1 
pA 


Offset Voltage vs. Time 
100 
nVlv'month 


Nole 1: 
Nole2: 
Nole3: 


Operating 
temperature 
range for "C" parts is O°C to +70°C, for "E" parts is -40°C to +85°C, and for "M" parts is -55°C to +125°C. 


Guaranteed 
by design. 


The OUTPUT 
CLAMp, pin 9 on MAX421, when connected 
to the inverting 
input (pin 4), reduces the overload 
recovery lime 


inherent with chopper-stabilized 
amplifiers 
(see text). 


All pins are designed 
10 withstand 
electrostatic 
discharge 
(ESD) levels in excess of 2000V (Mil Std 883C, Method 3015.2 Test 


Circuil). 


1.5 


c 
J!. 
IEI 
1.0 


!:i 
~ 
n5 


INPUT VOLTAGE RANGE 
va. SUPPLY VOLTAGE 


16 


14 
MAX420 
12 
MAX421 
~ 
MAX422 
~ 
MAX423 
:E 
10 
::l 


~~ 
~ 


4 
6 
B 
10 
12 
14 
16 
+ AND- SUPPLY 
VOLTAGE 
IV] 


MAX420 
MAX421 
MAX422 
MAxm 


o 


2 
6 
B 
m 
~ 
~ 
~ 
+ AND- SUPPLY 
VOLTAGE 
IV] 


ABSOLUTE MAXIMUM RATINGS: same as for MAX420, 421 


ELECTRICAL CHARACTERISTICS 
MAX422, MAX423 


(V· ; +15V,v- ; -15V, TA; 
+25°C. Test circuit unless noted.) 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN. 
TYP. 
MAX. 
UNITS 


TA; 
+25°C 
C 
±1 
±10 
p.V 
E,M 
±1 
±5 


Input Offset Voltage 
Vas 
Over Temperature 
C 
±2 
±20 
Range (Note 1, 2) 
E,M 
±2 
±10 
p.V 


Average Temperature 
t!Nos 
Over Temperature 
Coefficient 
of Input 
E,M 
0.02 
0.05 
p.V/oC 
Offset Voltage 
~T 
Range (Note 1, 2) 


TA; 
+25°C 
C 
10 
100 
pA 


Input Bias Current 
E,M 
10 
30 


(Doubles every 10°C 
Ie 
Over Temperature 
C 
30 
pA 


above about 60°C) 
E 
35 
pA 
Range (Note 1) 
M 
0.5 
5 
nA 


TA; 
+25°C 
C 
15 
200 
pA 


Input Offset Current 
E,M 
15 
60 


(Doubles every 10°C 
los 
Over Temperature 
C 
30 
pA 


above about 60°G) 
E 
50 
pA 
Range (Note 1) 
M 
0.5 
10 
nA 


Input Resistance 
R'N 
10'2 
0 


Large Signal Voltage Gain 
AVOL 
RL; 
100kO, VOUT; ±10V, TA ; +25°C 
120 
150 
dB 
Over Temperature Range (Note 1) 
120 
150 


Output Voltage Swing 
VOUT 
CLAMP not connected 
(Note 3) 
±14 
±14.6 
V 
RL; 
100kO 


Common-Mode 
CMVR 
+12, -15 
+12.5, -15.1 
V 
Voltage Range 


Common-Mode 
CMRR 
CMVR ; +12V to -15V, TA; 
+25°C 
120 
140 
dB 
Rejection Ratio 
Over Temperature Range (Note 1) 
110 
140 


Power Supply 
PSRR 
±3V to ±16.5V, TA ; +25°C 
120 
140 
dB 
Rejection Ratio 
Over Temperature Range (Note 1) 
110 
140 


Input Noise Voltage 
Rs; 
1000, DC to 1Hz 
0.4 
(P-P value not exceeded 
eNp-p 
DC to 10Hz 
1.2 
p.Vp_p 


95% of time) 


Input Noise Current 
IN 
f; 
10Hz 
0.01 
pNJR"Z 


Unity-Gain 
Bandwidth 
GBW 
125 
kHz 


Slew Rate 
SR 
CL; 
50pF, RL; 
100kO 
1.25 
V/p.s 


Rise Time 
t, 
2.8 
p's 


Overshoot 
20 
% 


Operating 
Supply Range 
V', V- 
±2.5 
±16.5 
V 


Supply Current 
Is 
No Load, TA ; +25°C 
0.3 
0.5 
mA 
Over Temperature Range (Note 1) 
1 


Internal Chopping 
Frequency 
feh 
Pins 12-14 Open (MAX423) 
250 
Hz 


Clamp ON Current (Note 3) 
ICLPION) 
RL; 
lMO 
5 
25 
p.A 


Clamp OFF Current (Note 3) 
ICLP(OFF) 
-10V';; VOUT,;;+10V 
1 
pA 


Offset Voltage vs. Time 
100 
nV/v'month 


Note 
1: 


Note 2: 
Note 3: 


Operating 
temperature 
range for "C" parts is O°C to +70°C, for "E" parts is -40°C to +85°C, and for "Mooparts is -55°C to +125°C. 


Guaranteed by design. 
The OUTPUT 
CLAMp, pin 9 on MAX423, when connected 
to the inverting 
input (pin 4), reduces the overload 
recovery time 


inherent with chopper-stabilized 
amplifiers 
(see text). 


All pins are designed 
to withstand 
electrostatic 
discharge 
(ESD) levels in excess of 2000V (Mil Std 883C, Method 3015.2 Test 


Circuit). 
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__________________ 
Tvpical Operating 
Characteristics 
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FOLLOWER LARGE 
SIGNAL PULSE RESPONSE, 


MAX420,421 


FOLLOWER LARGE 
SIGNAL PULSE RESPONSE, 


MAX422,423 


OPEN LOOP GAIN AND 
PHASE SHIFT ••. 
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Amplifier Operation 


A 
block 
diagram 
of 
a MAX420 
series 
amplifier 
is 
shown 
in Figure 2. Internally 
there are two amplifiers, 


a main amp and a nulling 
amp. The main amplifier 
is 
in the primary 
signal 
path and is continuously 
con- 
nected to the external 
inputs. The null amp alternately 
corrects 
its own offset, and then that of the main amp, 
as its 
input 
switches 
between 
the 
two 
main 
amp 
inputs. Offset correction 
is accomplished 
by means of 
compensating 
FETs in the input stage's bias circuitry 


(not shown). 
The offset 
values 
that drive 
these trim 
FETs are stored 
for 
the 
duration 
of the 
correction 
cycle 
on two capacitors, 
CEXTAand CEXTB.Each cycle 
is controlled 
by the 
clock 
as shown 
in the 
timing 


diagram 
of Figure 
2. An added 
benefit 
of the offset 
correction 
scheme 
is that 
it also 
increases 
CMRR, 


PSRR, and AVOl at low frequencies 
(fiN ~ felK). 


Capacitor Selection 


Two external 
capacitors, 
CEXTAand CEXTB, connected 


as shown 
in Figure 1, enable the amplifier 
to store and 


correct 
its own 
offset 
errors. 
The 
MAX420 
series 
is 


specified 
with O.1/lF capacitors, 
however, other values 


up to 1.0/lF may be optimal 
if different 
clock 
rates are 


used (MAX421, 423 only). 
If an external 
clock 
is used, 


the 
capacitor 
values 
should 
be scaled 
to 
roughly 


maintain 
the 
ratio 
between 
the 
nominal 
self-clock 


period 
(2.5ms @ 400Hz) and O.1pF. For example, 
if a 


200Hz clock were used, then O.2/lF would 
be best. This 


relationship 
is not critical 
and certainly 
no change 
in 


capacitor 
value is necessary 
for part-to-part 
variations 


in the internal 
clock 
rate. 


The banded or outer foi Iend of the correction 
capacitors 
should 
be 
connected 
to 
CRETN as this 
is a low 
impedance 
point. CEXTAand CEXTSare high impedance 
nodes and so the connections 
to these pins should 
be 
as short as possible to minimize 
noise pick-up. 


Capacitor 7Ypes 


Precision 
DC performance 
can be realized with a wide 


variety 
of capacitor 
types, 
however 
those 
with 
high 


leakage will cause excessive 
clock 
ripple in the signal 
path and should not be used. Other low cost capacitors, 
such as ceramics, 
may have adequate 
leakage specifi- 


cations but often also exhibit high dielectric 
absorption. 


This will not harm the amplifier's 
DC performance 
but 


can increase the initial settling 
time on turn-on 
to 1 or 2 


seconds 
(to 
1JLV). If fast settling 
after 
power-up 
is 


required 
then higher quality 
capacitors, 
such as mylar 


or polypropylene, 
should 
be used. 


Clock 


An on-chip 
clock is included 
on all 420 series amplifiers 


to control the operation 
of the offset correction 
circuitry. 


This oscillator 
is completely 
self contained 
and needs 
no external 
components 
or connections. 
The internal 
clock rate is nominaly 
400Hz on the MAX420/421 
and 


is 250Hz on the MAX422/423. 


External Clock 


The MAX421 and 423 have an INT/EXT 
pin for clock 


selection 
(pin 14). The pin has an internal 
pull-up 
and, 
for self-clocked 
operation, can be left open or connected 
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INT/EXTBA 
EXTCLKIN 
OSC. 
: 


CLKOUT 
C 


INTERB~:~--1 
P 


CAPRETURNf 


.A1.AXI.M 
MAX420 
MAX421 
MAX422 
MAX423 


~EXTCLKIN 


~A=CLKOUT 


to V+. When INT /EXT is tied to V- the internal 
clock 
is 
disabled 
and an external 
clock 
can then be applied 
to 
EXT ClK 
IN. Because of an internal 
divider, 
the offset 


nulling 
circuitry 
runs at one half the external clock rate. 


Duty Cycle and Thresholds 


The duty cycle of the external clock is not critical 
at low 
frequencies. 
For EXT ClK 
IN frequencies 
of 500Hz or 


greater, 
a 50% to 80% positive 
duty 
cycle 
is recom- 
5 


mended 
to allow 
transients 
on the null capacitors 
to 
settle. 
This 
is necessary 
because 
the capacitors 
are 
only 
charged 
when 
EXT ClK 
IN is high. 
The 
input 
threshold 
for EXT ClK 
IN is typically 
V+ - 2.5V so that 


an external 
clock 
signal 
can swing 
from 
either 
V+ to 
G RO UN D or V+ to V-. The internal choppi ng frequency 
is available 
at the ClK 
OUT pin with either internal 
or 


external clock operation 
.The nominal 
output 
levels for 
ClK 
OUT are V+ for a "High" 
and V+ - 5V for a clock 


"low". 


In some 
instances, 
it may be advantageous 
to syn- 
chronize 
two amplifier 
clocks, 
or slave one to another. 


A simple way to accomplish 
this is to tie the amplifiers' 


EXT ClK 
IN pins together 
(MAX421 
or 423 only) and 
pull one's INT /EXT pin low while allowing 
the other's to 
float 
high. The amplifier 
with 
INT/EXT 
high will then 
provide 
the clock for both devices (see Figure 9). 


FOR CLAMP 
EFFECT 


Rl + R3 •• ....!!L 


ICLPIONI 


Plugging into a Conventional 
Op.Amp Socket 


As a result 
of their ±15V supply 
capability, 
the 8-pin 
MAX420 and 422 can plug directly 
into a conventional 
op-amp 
socket for immediate 
upgrading 
of DC specifi- 
cations. 
Since the external 
nulling 
capacitors 
occupy 
what 
are usually 
"Offset 
null" 
pins 
(1, 5, and 8), the 
standard 
op-amp 
pin-out 
is still maintained 
for input, 
output, 
and 
supply 
connections. 
Essentially, 
CEXTA 
and CEXTBreplace the offset trim pot normally 
required 
with conventional 
op-amps. 


Output Clamp/Overload 


The OUTPUT 
CLAMP, when connected 
to the inverting 
input, 
reduces 
the amplifier's 
overload 
recovery 
time 
(see Figures 
3 and 
4). It does 
this 
by providing 
a 
feedback 
path that is activated 
just before the output 
saturates. 
The 
resultant 
reduction 
in gain 
prevents 
differential 
input 
overload 
and 
consequent 
charge 
build-up 
on the correction 
capacitors. 
If the capacitors 
are allowed 
to overcharge, 
the amplifier 
will need time 
to 
recover 
(typically 
500ms) 
after 
the 
overload 
is 
removed. Since the OUTPUT 
CLAMP activates slightly 
prior to output saturation 
there is also a small reduction 
in output 
swing 
when 
it is used. 
This 
reduction 
is 
typically 
500mV with a 10k!! output 
load. 


Single Supply Operation 


The 420 series amplifiers 
are well suited for operation 
in 
single 
power 
supply 
applications 
that 
have system 
ground 
connected 
to V-. With supply 
voltages 
of 10 
volts or above the input range is typically 
from Ground 
to V+ - 1.5V. At lower supply 
voltages 
the input-range 
lower 
limit 
will 
be higher 
(approx. 
Gnd + 0.5V at 5V 
supply). 
The amplifiers' 
outputs 
will swing 
to within 
approximately 
50mV of Ground 
or V+ with 
a 100k!! 
load and within 
500mV with 10k!! (MAX420, 421 only). 


FOR CLAMP 
EFFECT 


Rl+R3"'~ 
ICLPIONI 


__________ 
Applications 


Low Voltage Signal. 


Realizing 
microvolt 
offset 
and 
nanovolt 
drift 
perfor- 
mance goes beyond the selection 
of a precision 
ampli- 
fier (though 
it's not a bad start). When trying to amplify 
very 
low 
level signals 
and 
number 
of outside 
error 
sources 
can confuse 
the measurement. 
These errors 
are often indistinguishable 
from real signal or amplifier 
error, which 
of course 
is why they are a problem. 


Thermo-Electric 
Effect 


This property 
describes 
how thermocouples 
measure 
temperature. 
In short it states that two dissimilar 
metals 
in contact 
can be expected 
to generate 
a voltage. This 
is fine for thermocouples 
but is not so useful 
when 
pin-to-socket, 
socket-to-circuit 
board, and circuit board- 
to-edge connector 
junctions 
all generate signals which 
can add to input error. The voltage 
generated 
in such 
situations 
can range from 
0.1 to 10's of /lV/oC, 
many 
times the offset 
drift 
of an MAX420. 
In general 
such 
problems 
are dealt 
with 
by minimizing 
sockets 
and 
connectors 
in low level circuitry 
and by using 
com- 
ponents 
designed 
for low thermal 
EMF when connec- 
tors, relays, etc. are unavoidable. 


Gradients 


The presence 
of heat in low level circuitry 
is often not 
so much a problem 
as are thermal gradients. 
Gradients 
can, for example, 
cause normally 
balanced 
amplifier 
input 
connections 
to 
be at different 
temperatures. 


These connections 
then generate different 
thermoelec- 
tric voltages that can no longer be completely 
cancelled 
by the balanced 
inputs. The moral then is to minimize 
thermal gradients 
by keeping power dissipation 
and air 
currents 
in and around 
low level circuitry 
and connec- 
tions at a minimum. 
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should be low 
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ATA2 
impedance for. 
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Board Layout for Input 
Guarding with TO-99 
Package, Bottom View 


Thermal Symmetry 


Another 
useful low level technique 
is to design thermal 


"symmetry" 
into the 
layout. 
This 
may mean adding 


dummy 
resistors 
and connections 
so that the thermal 


mass, as well as the number 
of thermoelectric 
error 


sources, 
in an input pair will cancel. It may also involve 


running 
input traces near each other and keeping their 


size the same as well. 
Thermal 
"filtering" 
with small 


enclosures 
or even insulation 
for sensitive 
areas can 


also be helpful. 


Low Current Signals, Input Guards 


Low leakage, high impedance 
CMOS inputs allow the 


MAX420 amplifier 
family to amplify 
the signals of very 


high impedance 
sources. 
Though 
the amplifiers' 
input 


bias 
current 
is measured 
in picoamps, 
getting 
the 


surrounding 
connections 
to live up to that specification 


requires some attention. 
In applications 
where picoamp 


or nanoamp 
errors 
can be significant, 
board 
leakage 


either 
from 
surface 
contamination 
or 
through 
the 


board material 
itself may be a problem. 


Controlling Leakage 


Using low leakage board materials and proper cleaning 
methods after assembly can provide marked reductions 
in leakage 
induced 
errors. 
Beyond 
this, 
conformal 


coatings 
can be used to control 
later surface contami- 


nation. 
In some cases, Teflon insulators 
and/or 
circuit 


board 
guard 
rings 
may be necessary 
to protect 
very 


high impedance 
nodes. Guard connections 
for various 


amplifier 
configurations 
are shown in Figure 5. In each 


case the guard is connected 
to a low impedance 
point 


that 
is approximately 
at the 
same 
potential 
as the 


inputs. 
Leakage 
currents 
from 
other 
points 
on the 


board are then absorbed 
by the guard. For best results, 
guard rings should 
be used on both sides of the circuit 


board. 
The 14 pin MAX421 and 423 have specifically 


been designed 
to ease input 
guard 
layout 
in that the 


pins 
adjacent 
to 
the 
inputs 
are 
unused 
in 
those 


packages. 


Output CharacterIstics /Open Loop GaIn 


The MAX420 and 421 can typically 
drive a 10kO load 


from +14.8V to -14.5V when operating 
with ±15V power 


supplies. 
With a 100kO or greater 
load, however, 
the 


output 
can typically 
swing to within 
50mV of each rail. 


The output 
swing 
with the lower power 
MAX422 and 


423 will be somewhat 
less for a given load. 


The open 
loop 
gain of a MAX420 
series amplifier 
is 


somewhat 
load dependent 
for resistances 
which 
are 
less 
than 
10kO. 
The 
effect 
is 
largely 
due 
to 
the 


impedance 
of the amplifier's 
output 
stage. The gain is 


about 
17dB lower with a 1kO load than it is with 10kO. 


Since even with 1kO the gain is still typically 
120dB, the 


reduction 
is insignificant 
for low frequency 
applications. 


In wideband 
circuits, 
however, 
the 
best 
results 
are 


achieved 
with 
loads 
of 
10kO 
or 
more 
where 
the 


amplifier's 
open loop response is a smooth 6dB/octave 


slope 
from 
O.1Hz to 
O.5MHz. Additionally, 
there 
is 


negligible 
phase shift at the frequency 
where the null 


amp is rolled off. 


Intermodu/atlon 


In some 
chopper-stabilized 
amplifier 
designs, 
inter- 
action 
between 
the 
input 
signal 
and 
the 
chopper 


frequency 
sometimes 
produces 
intermodulation 
prod- 


ucts in the form of sum and difference 
signals. 
If the 


input frequency 
and the chop rate are near enough 
to 


each other, a difference 
signal 
may even appear as a 


DC error at the output. 
The MAX420 series minimizes 


these problems 
with active compensation 
circuitry 
that 


virtually eliminates 
intermodulation 
effects and controls 


the amplifier's 
open loop gain-phase 
characteristics 
as 


well. 
With 
well 
behaved 
open 
loop 
parameters, 
the 


chopper 
circuitry's 
impact 
on the amplifier's 
dynamic 


performance 
can be ignored 
in most applications. 
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Note 


Note 
Note 
Note 
Note 


1: 
M 
h' 
I 
R 
R 
R6 
R4. 
Matching determines CMRR, for example 0.1% = BOdS,0.01% = BOdS. 
ate mgrues: 
,= 
3andR;=~ 


2: 
Metal film or wire-wound resistors are recommended. 
3: 
A,'s internal clock Is slaved to A2 via ClK 
IN pins. 
4: All amplifiers powered from ±15V supplies. 
5: 
R2 is a selected value. 
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PART 
TEMP. RANGE 
PACKAGE 


MAX421 MID 
-55°C to +125°C 
Dice 


MAX422CPA 
O°C to +70°C 
8 Lead Plastic DIP 


MAX422EPA 
-40°C to +85°C 
8 Lead Plastic DIP 


MAX422MTV 
-55°C to +125°C 
TO-99 Metal Can 


MAX423CPD 
O°C to +70°C 
14 Lead Plastic DIP 


MAX423CWE 
O°C to +70°C 
16 Lead Small Outline 


MAX423C/D 
O°C to +70°C 
Dice 


MAX423EPD 
-40°C to +85°C 
14 Lead Plastic DIP 


MAX423MJD 
-55°C to +125°C 
14 Lead CERDIP 


MAX423M/D 
-55°C to +125°C 
Dice 


N1.••• 
JXINl 


MAX421" 
MAX423" 


INT/EXT 


EXT ClK 
IN 


NC = No internal 
connection 


* Pinout for small outline 
package 
only 


_______ 
Gener.' Description 


The MAX430 and MAX432 are CMOS ±15V chopper- 
stabilized 
amplifiers 
designed 
for 
high 
accuracy 


signal 
conditioning, 
amplification, 
and instrumenta- 


tion 
applications. 
They 
offer 
input 
offset 
and drift 


specifications 
superior to previous "precision" 
bipolar 


op-amps and monolithic 
chopper 
amplifiers. 
External 


capacitors, 
required 
with 
previous 
CMOS 
chopper 


amplifiers, 
are NOT 
needed 
with 
the 
MAX430/432. 
Both amplifiers 
are packaged 
in 8 pin plastic DIPs. 


The combination 
of ±15V operation, 
low power, and 


standard 
op-amp 
pin 
configuration 
allows 
these 


devices to plug directly 
into almost any OP07/0P??/ 
LM108/",A741 
socket 
regardless 
of 
what 
offset 


balancing 
or frequency 
compensation 
circuitry 
might 


be present. A wide input voltage range that includes 
the negative supply 
allows applications 
not possible 


with most conventional 
operational 
amplifiers. 


The MAX430 has a maximum 
supply current 
of 2mA 


and a unity gain frequency 
of 500kHz; the MAX432 


has a maximum 
supply 
current 
of O.5mA and a unity 


gain frequency 
of 125kHz. 


Precision Amplifiers 


Signal Conditioning 
for: 


Thermocouples 


Strain Gauges, Load Cells 


Resistance Temperature 
Devices (RTDs) 


High Accuracy 
Data Acquisition 


D.C. Stabilization 
of Amplifiers 
and Systems 


4-20mA process control 
transmitters 


~~I~JXI~~I 
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• 
No External Capacitors Required 


• 
Sp.VMax Offset Voltage 


• 
30pA Input Bias Current 


• 
Low Input Voltage Noise O.3p.Vp-p (DC-1Hz) 


• 
Low Input Current Noise O.01pA/.jHi 
at 10Hz 


• 
±1SV Supply Operation 


• 
Input Voltage Range Includes V- 


• 
Low Power CMOS 
Design 


PART 
TEMP. RANGE 
PACKAGE 


MAX430CPA 
DOCto +7DoC 
8 Lead Plastic DIP 


MAX43DEPA 
-400C to +85°C 
8 Lead Plastic DIP 


MAX432CPA 
DOCto +7DoC 
8 Lead Plastic DIP 


MAX432EPA 
-400C to +85°C 
8 Lead Plastic DIP 
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ABSOLUTE MAXIMUM RATINGS 


Total Supply Voltage (V+ to V-) 
+36V 
Input Voltage 
(V+ +0.3V) to (V- -0.3V) 
Storage Temperature 
Range 
-65°C to +160°C 
Operating 
Temperature 
Range 
MAX430C, MAX432C 
..............•....... 
O°C to +70°C 
MAX430E, MAX432E 
-40°C to +85°C 


Lead Temperature 
(Soldering 
10 sec) 
+300°C 


Duration of Output Short Circuit 
Indefinite 


Current into Any Pin 
....................•............. 
10mA 


Continuous 
Total Power Dissipation 
, ..• , 
375mW 


Stresses above those listed under ':Absolute Maximum 
Ratings" may cause permanent 
damage to the device. These Bre stress ratings only, and functional 
operation 
of the device at these or any other conditions 
above those indicated in the operational 
sections of the specifications 
is not implied. Exposure to 
absolute maximum ratings conditions 
for extended periods may affect device reliability. 


ELECTRICAL CHARACTERISTICS 
(V+ = +15V,v- = -15V, TA = +25°C, Test circuit unless otherwise noted) 


PARAMETER 
SYMBOL 
CONDITIONS 
MAX430 
MAX432 
UNITS 
MIN. 
TYP. 
MAX 
MIN. 
TYP. 
MAX. 


Input Offset Voltage 
+Vos 
TA = +25°C 
C 
1 
5 
1 
5 
/iV 
E 
2 
10 
2 
10 


Average Temperature 
Over Temperature 
Range 
Coefficient 
of 
0.02 
0.05 
0.02 
0.05 
/iVioC 


Input Offset Voltage 
(Note 1) 


Input Bias Current 
TA = +25°C 
10 
100 
10 
100 
(Doubles every 10°C 
IB 
pA 
above about 60°C) 
Over Temp. 
35 
35 


Input Offset Current 
TA = +25°C 
15 
200 
15 
200 
(Doubles every 10°C 
IB 
pA 


above about 60°C) 
Over Temp. 
50 
50 


Input Resistance 
R'N 
10'2 
10'2 
fl 


Large Signal Voltage Gain 
AVOL 
RL = 10kfl, Your = ±10V 
120 
150 
120 
150 
dB 


Output Voltage Swing 
Your 
RL = 10kfl 
±12 
±14.5 
V 
RL = 100kfl 
±14.95 
±14 
±14.6 


Common 
Mode 
CMVR 
Positive 
+12 
+12.5 
+12 
+12.5 
Voltage Range 
Negative 
-15 
-15.1 
-15 
-15.1 
V 


Common 
Mode 
CMVR +12V to -15V, 


Rejection Ratio 
CMRR 
TA = +25°C 
120 
140 
120 
140 
dB 
Over Temp. 
110 
140 
110 
140 


Power Supply 
±3V to ±16.5V, 


Rejection Ratio 
PSSR 
TA = +25°C 
120 
140 
120 
140 
dB 
Over Temp. 
110 
140 
110 
140 


Input Noise Voltage 
Rs = 100fl, DC to 1Hz 
0.3 
0.4 
(P-P value not exceeded 
eNp_p 
/iVp_p 


95% of time) 
DC to 10Hz 
1.1 
1.2 


Input Noise Current 
iN 
f = 10Hz 
0.01 
0.01 
pAl 
JHZ 


Unity-Gain 
Bandwidth 
GBW 
500 
125 
kHz 


Slew Rate 
SR 
CL = 50pF, RL = 100kfl 
0.5 
0.125 
VI/is 


Rise Time 
tR 
0.7 
2.8 
/is 


Overshoot 
20 
20 
% 


Operati ng Supply Range 
V+, V- 
±2.5 
±16.5 
±2.5 
+16.5 
V 


Supply Current 
Is 
No Load, TA = +25°C 
1.3 
2.0 
0.3 
0.5 
mA 
Over Temp. 
3.5 
1 


Internal Chopping 
fCH 
400 
250 
Hz 
Frequency 


Offset Voltage vs. Time 
100 
100 
nVI 
. 
JIM 


Note 1: 
Guaranteed 
by design. 
Note 2: 
All pins are designed 
to withstand 
electrostatic 
discharge 
(ESD) levels in excess of 2000V (Mil-Std-883C 
Method 3015.2 Test 


Circuit) 
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___________________ 
Typical Operating Characteristics 
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_______ 
Detai/ed Description 


Amplifier Operation 


A block diagram of a MAX430/432 
is shown in Figure 
2. Internally there is a main signal path amplifier and 
a separate nulling 
amp. The main amplifier 
is in the 
primary signal path and is continuously 
connected to 
the external 
inputs 
(+IN, -IN). 
The nulling 
amplifier 
alternately 
corrects 
its own offset, and then that of 
the main amp, as its input switches between the two 
op-amp inputs. Offset correction 
is accomplished 
by 
means of two compensating 
FETs in the input stage's 
bias circuitry 
(not 
shown). 
The 
offset 
values that 
drive these trim FETs are stored for the duration 
of 
the correction 
cycle on two internal 
capacitors, 
C1 
and C2. Each cycle 
is controlled 
by the clock 
as 
shown 
in the timing 
diagram 
in Figure 2. An added 
benefit of the offset correction 
scheme is that it also 
provides 
correction 
for CMRR, PSRR, and AVOL at 
low frequencies (fiN ~ fCLK)' 


Internal Clock 


An on-chip 
clock is included 
on the MAX430/432 
to 
control the operation of the offset correction 
circuitry. 


This oscillator is completely self-contained 
and needs 
no external components 
or connections. 
The internal 
clock 
rate is nominally 
400Hz on the MAX430 and 


;;; 


70 
~ 
a 
90 
~ 
i:i 


110 
~~ 


250Hz on the MAX432 and cannot 
be adjusted. 
If 


other 
clock 
frequencies 
are 
desired, 
refer 
to 
the 


MAX421 or MAX423. 


Output Characteristics/Open 
Loop Gain 


The MAX430 typically 
drives a 10kO load from +14.8V 


to -14.5V when operating 
with ±15V power supplies. 


With a 100kO or greater 
load, the output 
typically 


swings 
to 
within 
50mV 
of 
each 
supply 
rail. 
The 


MAX432 low power 
part will 
drive 
100kO typically 


within OAV of each supply. The output swing of the 
MAX432 is less than the MAX430 for a given load 
because of a factor 
of 4 reduction 
in output 
stage 
bias current. 


-+ 
~TC2 


~A 


~A 


~8 


~c 


The open loop gain of a MAX430 is load dependent 
for resistances which 
are less than 10kO. The effect 
is largely 
due to the 
impedance 
of the amplifier's 
output 
stage. The gain is about 
17dB lower with 
a 
1kO load than it is with 
10kO (MAX430). 
Even with 
1kO the 
gain 
is typically 
120dB, the 
reduction 
is 
insignificant 
for low frequency 
applications. 
In wide- 
band circuits, 
however, the best results are achieved 
with 
loads of 
10kO or more 
where 
the 
amplifier's 
open 
loop 
response 
is a smooth 
6dB/octave 
slope 
from 0.1Hz to 0.5MHz. Additionally, 
there is negligible 
phase shift at the frequency 
where the null amp is 


rolled off. 


Clock Ripple and Noise 


There are two components 
to MAX430/432 amplifier 
noise: wide-band 
noise and clock related ripple. With 
conventional 
op-amps, 1/f noise is often a problem in 
low 
level applications. 
This 
is the case, even with 
filtering 
in low frequency 
applications, 
because 
1/f 
noise 
is difficult 
to 
remove. 
Chopper 
stabilization 
techniques eliminate 1/f noise in the MAX430/432to provide 
superior low frequency 
performance. 


The chopper 
generates a small amount 
of ripple at 
the 
internal 
clock 
frequency. 
Typically 
its peak-to- 
peak input referred amplitude 
is 15!LV.This signal is 
easily 
reduced 
by band 
limiting 
the amplifier's 
re- 
sponse to below the internal oscillator 
frequency. 
In 
wide band limiting 
the amplifier's 
response to below 
the internal oscillatory 
frequency. In wide band appli- 
cations, positive and negative going 5!Ls pulses, with 
a typical 
output 
amplitude 
of 15mV, also appear. In 
circuits 
which are band limited to 5kHz or less, this 
noise will not be seen and averages to zero. However, 
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since the pulses are output 
related, they have little 
dependence 
on closed 
loop gain and are only par- 
tially 
filtered 
with feedback 
capacitance 
around 
the 
amplifier. 
Filtering 
or band 
limiting 
in the circuitry 
following 
the amplifier removes this noise. 


Intermodu/ation 


In some chopper-stabilization 
amplifier designs, inter- 
action 
between 
the 
input 
signal 
and 
the 
chopper 
frequency sometimes produces intermodulation 
prod- 
ucts in the form of sum and difference 
signals. If the 
input frequency 
and the chop rate are close enough 
to each other, a difference signal may appear as a DC 
error 
at the output. 
The MAX430 series minimizes 
these 
problems 
with 
active 
compensation 
circuitry 
that virtually 
eliminates 
intermodulation 
effects and 
controls the amplifier's open loop gain-phase charac- 
teristics as well. With well-behaved 
open loop param- 


eters, the chopper's circuitry 
impact on the amplifier's 
dynamic 
performance 
can be ignored 
in most appli- 
cations. If chopper oscillator 
interaction 
is a problem, 


then the MAX421/423, which has an externally 
con- 
trollable oscillator, should be used. 


Overload Recovery 


The MAX430/432 like most chopper-stabilized 
ampli- 
fiers takes more time to recover from input overloads 
than a conventional 
op-amp. 
The reason for this is 
that the internal 
offset 
nulling 
capacitors 
are over- 
charged 
during 
input 
overloads 
as the 
amplifier 
attempts 
to "correct" 
the overload 
condition 
via the 
nulling 
circuitry. 
Once 
these 
capacitors 
are over- 
charged, 
some time is needed for them to return to 
the proper level. The length of this delay depends on 
the 
duration 
and 
amplitude 
of 
the 
overload. 
The 
worst 
case time is about 
4 seconds 
for a severely 
over-driven 
MAX430. If the recovery takes too long 
then a MAX421/423 which 
provides a "Clamp" 
input 
to speed overload recovery, should be used. 


________ 
.Application 
Hints 


Plugging Into A Conventional 
Op·Amp Socket 


The 
MAX430/432 
can 
be 
powered 
from 
supplies 
ranging from +5V to ±15V. It can therefore 
plug into 
most conventional 
"741 pinout" op-amp applications. 


On other op-amps, 
pins 1, 5, and 8 are used for a 
variety of functions 
specific to the amplifier: typically 
frequency 
compensation, 
setting 
bias, or offset cor- 
rection. Since the MAX430/432 is internally 
compen- 
sated and its internal chopper 
removes substantially 
all of the offset voltage and drift, no connections 
are 
required 
to 
pins 
1, 5 and 
8. These 
pins 
are 
not 


internally 
connected 
on 
the 
MAX430/432 
so that 
external 
connections 
from existing 
designs will not 
affect the op-amp's operation. 
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'.'UT~H' 
H, 


+ 
OUTPUT 


H,· 
Qij>l,. 


OUTPUT 


'.PUT 
+ 
frij>l,. 
H, 


OUTPUT 


R, 
+ 


~ 
I.PUT 


R,R2 
should be low 
Note: -- 
impedance for 
R, x R2 
optimum 
guarding 


The MAX432 has the same offset and drift specifica- 
tions as the MAX430 but is designed for low power 
operation. 
As a low power op-amp it has been opti- 
mized for driving 
relatively 
light loads. With output 
currents above several hundred microamps, there will 
be some 
reduction 
in open 
loop 
gain and output 
swing. The MAX430, however, is guaranteed to swing 
±12V into a 10kf1 load. The MAX432's load driving 
limitations 
should, 
in general, 
not be a problem 
in 
replacement 
applications 
because conventional 
pre- 
cision 
amplifiers 
are not normally 
used where they 
must drive heavy loads. This is because the resulting 
output stage power dissipation 
often generates ther- 
mally 
induced 
error 
voltages 
elsewhere 
in 
the 
amplifier. 


Single Supply Operation 


The MAX430/432 
is well suited for operation in single 
power supply applications, 
i.e. circuits that have sys- 
tem ground connected to V-. With supply voltages of 
10 volts or above, the input 
range is typically 
from 
Ground 
to V+ - 1.SV. At lower supply 
voltages the 
lower input range limit is higher (approx. GND + O.SV 
at 
SV supply). 
With 
a single 
power 
supply, 
the 
amplifier's 
output 
will swing to within approximately 
SOmVof ground and V+ when driving a 100kf1 load. 


Low Voltage Signals 


Realizing microvolt offset and nanovolt drift perform- 
ance goes beyond the selection of a precision ampli- 
fier 
(though 
it's not 
a bad start). 
When 
trying 
to 
amplify very low level signals any number of outside 
error sources can confuse the measurement. 
These 
errors are often indistinguishable 
from real signal or 
amplifier 
error, which 
of course 
is why they are a 
problem. 


Thermo-ElectrIc 
Effect 


This property describes how thermocouples 
measure 
temperature. 
In short 
it states that 
two 
dissimilar 
metals 
in contact 
can 
be expected 
to generate 
a 
voltage. This is fine for thermocouples 
but is not so 
useful 
when 
pin-to-socket, 
socket-to-circuit 
board, 
and circuit 
board-to-edge 
connector 
junctions 
all 
generate signals which 
can add to input error. The 
voltage generated in such situations 
can range from 
0.1 to 10's of p.V1°C,many times the offset drift of a 
MAX430/432. 
In general such problems are dealt with 
by minimizing 
sockets 
and connectors 
in low level 
circuitry 
and by using components 
designed for low 
thermal 
EMF when 
connectors, 
relays, 
etc. 
are 
unavoidable. 


Gradients 


The presence of heat in low level circuitry 
is often not 
so much 
a problem 
as are thermal 
gradients. 
Gra- 
dients 
can, for 
example, 
cause 
normally 
balanced 
amplifier 
input connections 
to be at different temper- 
atures. 
These 
connections 
then 
generate 
different 
thermoelectric 
voltages 
that can no longer be com- 
pletely cancelled 
by the balanced 
inputs. The moral 
then 
is to 
minimize 
thermal 
gradients 
by keeping 
power dissipation 
and air currents 
in and around low 
level circuitry 
and connections 
at a minimum. 


Thermal 
Symmetry 


Another useful low level technique is to design thermal 
"symmetry" 
into the layout. This may mean adding 
dummy resistors and connections 
so that the thermal 
mass, as well as the number of thermoelectric 
error 
sources, 
in an input 
pair 
will 
cancel. 
It may also 
involve 
running 
input 
traces 
near each 
other 
and 
keeping their size the same as well. Thermal "filtering" 
with small enclosures 
or even insulation 
for sensitive 
areas can also be helpful. 
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Low Current Signals, Input Guards 


Low 
leakage, 
high 
impedance 
CMOS 
inputs 
allow 
the MAX430 amplifier 
family to amplify the signals of 
very high impedance 
sources. Though 
the amplifier's 
input bias current 
is measured 
in picoamps, 
getting 
the surrounding 
connections 
to live up to that specifi- 
cation requires some attention. 
In applications 
where 
picoamp or nanoamp errors can be significant, 
board 
leakage either from surface contamination 
or through 
the board material itself may be a problem. 


Controlling Leakage 


Using low leakage board materials and proper clean- 
ing 
methods 
after 
assembly 
can 
provide 
marked 
reductions 
in leakage 
induced 
errors. 
Beyond 
this, 
conformal 
coatings 
can be used to control 
later sur- 
face contamination. 
In some cases, Teflon insulators 
and/or circuit 
board guard rings may be necessary to 
protect 
very high impedance 
nodes. Guard connec- 
tions for various amplifier 
configurations 
are shown 
in Figure 4. In each case the guard is connected 
to a 
low 
impedance 
point 
that 
is approximately 
at the 
same potential 
as the inputs. Leakage currents 
from 
other points on the board are then absorbed 
by the 
guard. 
For best results, guard rings should 
be used 
on both sides of the circuit board. 


-ISV 


"""""AXI.M 
ICL80691.2V 


J i::::::~: 
7~'.CC 


OUTPUT (K 
IIlmV/'C@2S'C) 
12mV/'C@IOOO'C 


Note 1: 
0, and connection terminals must be at the same temperature. 


Note 2: 
Values in parentheses are for type K thermocouple. 
Note 3: 
Connections to inverting input of op-amp should be kept as short as possible to reduce noise pickup. 
Note 4: 
Circuit power is ±lSV. 


_______ 
General Description 


The 
MAX450 video 
amplifier 
is designed 
to buffer 
and amplify 
signals from 
DC through 
10MHz. This 


monolithic 
CMOS 
amplifier 
has a high 
impedance 


CMOS 
input, 
while 
the 
output 
can 
drive 
75 ohm 


loads to greater than ±2V output swing. 


Optimized for ±12V supplies, the MAX450 can operate 
with power supplies 
ranging from ±10V to ±15V. The 


MAX450 
needs no compensation 
for gains greater 


than 20, and provides 4 terminals 
for two simple RC 


compensation 
networks. 
The 
MAX450 
is "well 
be- 


haved" 
and 
is not 
prone 
to 
oscillations, 
and 
the 
MAX450 is relatively insensitive to variations in printed 
circuit 
board layout. 


Its 
100VlJ.Ls 
slew 
rate and the ability 
to drive 750 
loads make the MAX450 ideally suited 
for systems 


which 
distribute 
video 
or other 
10MHz bandwidth 


signals via 750 coaxial cables. 


The 
MAX451 
provides 
all 
of 
the 
features 
of 
the 


MAX450, 
plus 
a guaranteed 
1nA 
maximum 
input 


bias current. 
This combination 
of low bias current 


and video 
bandwidth 
is well suited for vidicon 
pre- 


amps, 
for 
photodetector 
preamps 
in 
fiber 
optics 


systems 
up to a 10MHz bit rate, and other 
appli- 


cations which demand low input bias current, 10MHz 
bandwidth, 
and high current output drive capability. 


__________ 
Applications 


Video Amplifiers 


PIN Photodiode 
Amplifiers 


Vidicon Amplifiers 


Pulse Amplifier 


High Input Impedance Video Buffers Amplifiers 


CCD Amplifier 


+IN 
1 


N.C. 
V- 
3 


FREO. COMPo 
4 


BIAS ADJ. 


FREO. COMPo 
8 


N.C. 
7 


Note: 
Pin 2 and 13have internal connections, 
and should 


never be connected. 
Pin 7 may be connected 
to 


GND, for compatibility 
with the NE5539. 
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CMOS Video Amplifier 


• 
10MHz Power Bandwidth 


• 
±4.0V Output Swing Into Back Terminated 
750 


Coax (RL = 1500) 


• 
0.1dB Differential 
Gain 


• 
0.10 Differential 
Phase 


• 
400pA (typical) Input Bias Currents 


• 
100Vl/oIsSlew Rate 


• 
53dB Gain at 300kHz 


• 
Output Is Short Circuit Protected 


• 
5pAly'HZ 
Current Noise 


PART 
TEMP. RANGE 
PACKAGE 


MAX45QCPD 
QOCto +7QoC 
14 Lead Plastic DIP 


MAX45QCJD 
QOCto +7Qoc 
14 Lead CERDIP 


MAX450C/D 
QOCto +7QoC 
Dice 


MAX451 CPO 
QOCto +7QoC 
14 Lead Piastic DIP 


MAX451CJD 
QOCto +7QoC 
14 Lead CERDIP 


MAX451C/D 
QOCto +7QoC 
Dice 


VOUTrr 


=''''Il00 


RG·ii!l/U 


750 


Vidicon or PIN Diode Transimpedance 
Amplifier 


(Bandwidth = 5MHz) 


CMOS Video Amplifier 


V+ - V-, pin 3 connected 
to pin 5 
+26.4V 
V+ - V-, 1kl1 between pin 3 and pin 5 
0 
•• 
0 o. 
+36V 


+IN, -IN, 
.. 
0 
•••• 
0 
•••••••••• 
0 
•• 
0 
••••• 
(V+ + 0.3V) to (V- - 0.3V) 
Short Circuit Duration, VOUT 
•.• 
0 Continuous 
with V+, V- = ±12V 


Power Dissipation 
at +25'C 
Plastic Package .. 
00 
••• 
0' 
•• 
, 
0 
0 
• 
000.0' 
00' 
•• 
000 
•• 
00. 
1250mW 


(derate 10mW/'C 
above 25'C) 
CEADIP Package 
..... 
0 
••••••••• 
0 
••• 
0" 
0 
••••• 
0 
•• 
0 
1190mW 


(derate 9.5mW/'C 
above 25'C) 
Storage Temperature 
00.0000.000 
•• 
000 
•• 
0 
0 
0 
0 
0 
-65'C 
to +160'C 


Stresses above those listed under ''Absolute Maximum 
Ratings" may cause permanent 
damage to the devics. These Bre stress ratings only and functional 
operation 
of the device at these or any other conditions 
above those indicated in the operational 
sections of the specifications 
is not implied. Exposure to 
absolute maximum fating conditions 
for extended periods may affect device reliability. 


ELECTRICAL CHARACTERISTICS 
(Vsupp = ±12V, TA = +25'C) 


PARAMETER 
SYMBOL 
CONDITIONS 
MAX450 
MAX451 
UNITS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Input Ollset Voltage 
Vos 
VOUT = OV,As = 10011 
8 
20 
8 
20 
mV 


Input Bias Current 
IB1AS 
V,N= 0 
0.4 
0.4 
1 
nA 


Common 
Mode Voitage Aange 
VCMR 
±6 
±6 
V 


Output Voltage Swing 
I = 1MHz, AL = 15011(Note 1) 
±3 
±4 
±3 
±4 
VOUT 
V 
1= 1MHz, AL = 7511(Note 1) 
±2 
±3.5 
±2 
±3.5 


Large Signal Voltage Gain 
AVOL 
1= 1MHz, RL = 15011 
200 
200 
VN 


Unity Gain Bandwidth 
GBW 
VOUT = Wp-Po RL = 15011 
10 
10 
MHz 


Plastic 
3 
3 
pF 
Input Capacitance 
C'N 
CEADIP 
6 
6 
pF 


Input Resistance 
DC to 100kHz 
10' 
10' 


A'N 
106 
11 
1= 1MHz 
106 


Output Aesistance 
AOUT 
1= 1MHz 
5 
5 
11 


Common 
Mode Rej. Aatio 
CMAR 
VCM= ±1.7, As = 10011 
55 
66 
55 
66 
dB 


Power Supply 
PSAR 
AVcc = ±W 
40 
40 
mVN 
Rejection Aatio 


Supply Current 
Isupp 
V,N= OV 
25 
35 
25 
35 
mA 


Slew Aate 
SR 
Av = +1, AL = 15011 
100 
100 
VI!'s 


OPEN LOOP GAIN 
CLOSED LOOP GAIN 


vSO FREQUENCY 
vs. FREQUENCY 


6ll 
50 
10k 


50 


20 
Ik 
'" 
- 
40 
z 
10 
~ 
z 
1i 
u 
100 
1i 
0 
z 
~ 
30 
=: 
~ 
0 
=: 
"! 
10 
z 
~~ 
~ 
g; 
20 
~~~~ 
0 
10 


0 
0.5 
01 


100 
Ik 
III< 
1011< 
1M 
10M 
10iJl1 
III< 
1011< 
1M 
10M 
10iJl1 


FREQUENCY 
IHzl 
FREQUENCY 
IHzl 
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_______ 
Detailed Description 


Compensation, Layout and Bypassing 


Figures 1 and 2 show typical 
applications, 
including 
the proper compensation 
network. Specific compen- 
sation 
component 
values for different 
closed 
loop 
gains are given in Table 1. For gains above 20, the 
MAX450/451 
does 
not 
require 
any 
compensation. 


The easiest way to test for proper compensation 
is 
to drive the input with a low amplitude 
square wave 
and observe the overshoot. 
Less than 20% overshoot 
is normally 
considered 
acceptable. 
The RC network 
connected 
between pins 4 and 6 control the negative 
slew rate, while the RC network 
connected 
between 
pins 9 and 11 control 
the positive slew rate. 


The MAX450/451, 
unlike many other video amplifiers, 


is relatively insensitive to printed circuit board layout. 
+Vcc and -Vcc should be bypassed to ground with a 
0.1/-lF or 1/-lF ceramic 
bypass 
capacitor. 
A ground 
plane should be used to minimize 
the inductance 
of 
the ground connection, 
and in particular 
to minimize 
any 
ground 
return 
inductance 
that 
is included 
in 
both the input and output 
return paths. 


Power Dissipation and Output Swing 


The MAX450/451 
operates 
as a class AB amplifier 
with the output stage quiescent 
current 
being all but 
5mA of the total quiescent current. In order to operate 
in a class A mode for up to ±15mA output 
current, 


CMOS Video Amplifier 


the MAX450/451 
quiescent 
current 
is set to approxi- 
mately 25mA with ±12V supplies and the Bias Adjust- 
ment pin connected 
directly 
to -Vcc. 
This sets the 
typical 
power 
dissipation 
to 600mW. When 
output 
current 
is drawn, 
it diverts 
current 
from 
the output 
stage and actually reduces power dissipation. 


For output 
voltage swings 
less than ±8V, the output 
voltage 
swing 
is directly 
proportional 
to the 
load 
resistance, since the MAX450/451 
output current cap- 


ability 
is nearly 
independent 
of the output 
voltage 
swing below ±8V. The source follower 
configuration 
of the MAX450 output stage limits the no load output 
voltage to +Vcc - 4V. 


If operation is desired over the full temperature 
range, 


the quiescent current must be reduced by connecting 
a resistor 
between 
-Vcc 
and the 
Bias Adjustment 
pin. While reducing 
the quiescent 
current, 
this also 
creates 
an output 
offset 
as shown 
in the 
typical 
characteristics 
graphs. 
Adding 
a bias 
adjustment 
resistor will also reduce the DC output 
current 
cap- 
ability, 
but the full ±30mA 
AC output 
current 
capa- 
bility can be maintained by bypassing the bias adjust- 
ment resistor with a 0.1/-lFto 1.0/-lFceramic capacitor. 
The effect of the bias resistor is shown in Table 2. 


Warmup Effects and 
High Speed Automatic Testing 


The MAX450/451 
has a typical 
power dissipation 
of 
600mW. During 
high 
speed 
automatic 
testing 
the 
package temperature 
has not stabilized 
and the die 
temperature 
is lower than will be observed in actual 
operation. The parameters most significantly 
affected 
by this heating 
effect are supply 
current 
and input 
bias current. 
Maxim measures the input bias current 
after 
approximately 
2 seconds, 
using 
test 
limits 
chosen such that the data sheet specification 
limits 
will not be exceeded, 
even after the device has been 
on for 
several 
minutes 
and 
has achieved 
thermal 
equilibrium. 


GAIN 


COMPONENT 
+1 
+2.5 
+4 
+10 


R1 
00 
1.SkO 
3kO 
3kO 


R2 
None 
1kO 
1kO 
3300 


R3 
2.2kO 
4.7kO 
4.7kO 
S.1kO 


R4 
1.S0 
1.SkO 
S.1kO 
None 


C1 
None 
3pF 
3pF 
3pF 


C2 
10pF 
SpF 
SpF 
3pF 


C3 
10pF 
10pF 
3pF 
None 
- 


CMOS Video Amplifier 


nrI 


G_59/U 


VOUT 


750 
lf2W 


":" 
":" 


RBIAS (0) 
la(mA) 
OUTPUT SWING (V) 
OUTPUT SWING (V) 
SLEW RATE 
BANDWIDTH 


BETWEEN PINS 
Vos(mV) 
(MHz) 


3AND5 
Vcc= ±12V 
1kHz into 750 
1MHz into 750 
(VI!,s) 
GAIN =+2 


0 
25 
±10 
+4.8, -4.2 
±3.5V 
+100,-67 
10 
330 
21 
+20 
+4.8, -4.0 
±3.0V 
+100,-40 
9.5 
500 
19 
+25 
+4.8, -3.7 
±2.9V 
+100,-40 
9.3 


1k 
15 
+50 
+4.7,-3.4 
±2.8V 
+100,-20 
8.8 


14 lead Plastic DIP (Copper) 


()JA = 100"C/W 


()JC = 60°C/W 


14 lead CERDIP 


()JA = 105°C/W 


()JC = 50°C/W 


6 
FREO. 
COMPo 


5 
BIAS 
ADJ. 
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CMOS Video Multiplexer/Amplifier 


_______ 
General DescrIptIon 


The MAX452 
is a unity-gain 
stable, 
50MHz 
video 
amplifier 


capable 
of driving 
a 75 ohm 
load directly. 
The MAX453, 
MAX454, 
and MAX455 
combine 
the 50MHz 
video 
ampli- 
fier, of the MAX452, 
with an on-board 
multiplexer 
offering 
2, 4, or 8 channels 
respectively. 
All of the MAX452 
family 
devices 
operate 
from 
±5V 
supplies 
and 
typically 
con- 
sume 
only 
250mW. 


Optimized 
for 
video 
applications, 
these 
amplifiers 
will 
directly 
drive a 150 ohm 
load to ±2V, 
and will swing 
± 1V 
into a 75 ohm load. All amplifiers 
are unity-gain 
stable and 
do 
not require 
extemal 
frequency 
compensation 
com- 
ponents. 
The 
MAX453/454/455 
operate 
as positive-gain 
amplifiers, 
gain being 
set by two extemal 
resistors. 
Since 
they 
are 
connected 
as 
non-inverting 
amplifiers, 
their 
minimum 
closed-loop 
gain 
is OdB. In most 
applications 


the 
amplifier's 
closed-loop 
gain 
will 
be set at OdB 
or 
+6dB 
(1 VN 
or 2 VN), 
which 
guarantees 
a minimum 
bandwidth 
of 25M Hz. 


Video 
signal 
multiplexing 


75 ohm 
cable 
drivers 


Driving 
flash converters 


Video 
Crosspoint 
Switches 


____________ 
Features 


• 
Unlty-galn 
bandwidth 
of 50MHz 
typo 


• 
Low 
Input 
capacitance: 
7pF typo 


• 
No frequency-compensation 
required 


• 
Low power 
operation: 
250mW 
typo 


• 
Low 
bias 
current 
10pA 
typo 


• 
Directly 
drives 
75 ohm 
cable 


• 
70 dB typical 
OFF 
Isolation 
at 4 MHz 


PART 
TEMP. RANGE 
PACKAGE 


MAX452CPA 
OOCIO+700c 
8 lead clastic DIP 
MAX452CSA 
OOCIO+700C 
8 lead small,oulline 


MAX452C1D 
OOClo +700C 
Dice 
MAX452EPA 
-400CIO +85°C 
8 lead plasllc DIP 


MAX452EJA 
-400CIO +85OC 
8 leadCERDIP 
MAX452MJA 
-55°C 10+ 125°C 
8 leadCERDIP 
MAX453CPA 
OOCIO+700C 
8 lead clasllc DIP 
MAX453CSA 
OOClo +700C 
8 leadsmail-outline 
MAX453EPA 
-40°C 10+85°C 
8 lead nlasllc DIP 
MAX453EJA 
-40°C to +850C 
8 leadCERDIP 
MAX453MJA 
-55°C to + 125°C 
8 leadCERDIP 
MAX454CPD 
OOCIO+700C 
14lead plasllc DIP 
MAX454CSD 
OOClo +700C 
14 leadsmall-outllne 
MAX454EPD 
-40°C 10+ 85°C 
14 lead plasticDIP 
MAX454EJD 
-400CIO +850C 
14lead CERDIP 


_________________________ 
Pln Contlguratlons 
_ 


Top View 


NC 
VOUT 
vOUT 
NC 
-IN 
-IN 
v- 
v+ 
VOUT 
v+ 
NC 
+IN 
-IN 
12 v+ 
IN7 


11 IN3 
NC 


IN2 
INS 


AO 
8 
vOUT 
NC 
NC 
GND 
-IN 
IN1 
INS 


v- 
v+ 
NC 


INO 
IN1 
IN4 


CMOS Video Multiplexer/Amplifier 


ABSOLUTE 
MAXIMUM 
RATINGS 
Total Supply Vonage (V+to V-) 
. 


posnlve Supply Voltage. V+ (reI.GND) .. 
Negative Supply Vonage. V- (reI.GND) . 
Analog Input Vonage 
. 


Dlgnal Input Vonage 
. 
Storage Temperature Range . 


o~~~g&!.~~'i'~~ 
Range 


MAX454C.MAX455C 
MAX452E.MAX453E. 
MAX454E.MAX455E.. 
MAX452M.MAX453M. 
MAX454M.MAX455M 


Lead temperature (Solde~ng. 10 see) .. , 
.........•.•...... 
300°C 


Duration of Output Short-CIrcuitto ground 
Indeflnne 


Input Current. power on or off' 


Digital Inputs 
. . . . . . . . . 
+ 20 mA 


All other pins .... 
.. . . . . . . . . 
.. .. .. .. .. 
.. 
±50 mA 


Continuous Total Power Dissipation (TA= + 70°C) 


8 Pin CERDIP(derate 8.0mW/oC above 70°C) 
640mW 


14 Pin CERDIP(derate 9.5mW/oC above 70°C) . 
. 
760mW 


20 Pin CERDIP(derate 11.1mw/oC above 70°C). 
. .. 890mW 


8 Pin Plastic DIP (derate 6.3mW/oC above 70°C) 
340mW 


14 Pin Plastic DIP (derate 7.2mW/oC above 70°C) 
390mW 


20 Pin Plastic DIP (derate 8.0mW/oC above 70°C) 
440mW 


8 Pin Small.Qutline (derate 5.9mW/oC above 70°C) 
320mW 


14 Pin Small.Qutline (derate 8.7mW/oC above 70°C) 
480mW 


20 Pin Smail-Outline (derate 10.0mW/oC above 70°C) 
.. 550mW 


.12V 
+12V 


................. 
-12V 
(V+) + 0.3 V to fv:""") -0.3 V 
... 
-0.3 Vto (V+)+0.3 V 


.......... 
-65°C to + 160°C 


Stresses 
above those 
listed 
under 
"Absolute 
Maximum 
Ratings" 
may cause permanent 
damage 
to the device. 
These are stress 
ratings 
only and functional 


operation 
of the device 
at these 
or any other conditions 
above 
those indicated 
in the operational 
sections 
of the specifications 
is not implied. 
Exposure 
to 


absolute 
maximum 
rating 
conditions 
for extended 
periods 
may affect device 
reliability. 


ELECTRICAL 
CHARACTERISTICS 
MAX452/3/4/5 
ry+= +5V. 
V- 
=-5V. 
-INS 
VinS+IN. 
Output 
Load 
Resistor 
= 1500,TA= 
+25°C 
unless 
otherwise 
noted) 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN. 
TYP. 
MAX. 
UNITS 


VIDEO 
AMPLIFIER 
(MAX452/3/4/5) 


Input 
Voltage 
Range 
VIN 
Over 
Temperature 
Range 
(Note 
2) 
-2 
2 
V 


Input 
Offset 
Voltage 
Vos 
2 
5 
mV 


Offset 
Voltage 
Drift 
I::'Vos/AT 
(Note 
5) 
20 
100 
jJ.VloC 


Input 
Bias 
Current 
TA = +25°C 
(Note 
1) 
0.01 
10 


IB 
Over 
Temperature 
C 
1 
10 
nA 


Range 
(Notes 
1.2) 
E 
3 
30 


M 
50 
500 


Input 
Resistance 
RIN 
10" 
0 


Open-Loop 
Voltage 
Gain 
RL =10000 
180 
260 


AVOL 
RL =1500 
45 
70 
VN 


RL =750 
25 
38 


Open-LOOp 
Gain 
Drift 
6.AvOL/6.T 
RL=1500 
0.5 
%/oC 


Common-Mode 
Rejection 
CMRR 
-2V 
os;: VIN S +IN 
60 
80 
dB 
Ratio 


Power 
Supply 
Rejection 
PSRR 
±4.5V 
to ±5.5V 
54 
66 
dB 
Ratio 


Slew 
Rate 
SR 
(Note 
5) 
150 
300 
V/jJ.s 


Note 1: 
Nole2: 
Nole3: 


Input bias current Includes lhe munlplexer's ON-state leakage current for the MAX453.MAX454and MAX455. 
Operating temperature range for ·c· devices Is OoC to 70°C. tor "E' devices Is -40°C to +85°C. and tor OM'devices Is -55°Cto 
+ 125°C. 


Inputtest signal: 3.58MHz slnewave of amplitUde40 IREsupe~mposed on a linear ramp (0to 100IRE).The amplifier Isoperated at a gain of 2VN 
WhiledrMng a 150 ohm load. 
Guaranteed over the vonage range. V-< 
VIN <V +. 


Guaranteed by design. 


ELECTRICAL 
CHARACTERISTICS 
MAX452/3/4/5 
(Continued) 
(V+ = +5V, V- 
=-5V, 
-2V<Vin< 
+2V, Output 
Load Resistor = 1500, 
TA = +25°C 
unless otherwise 
noted) 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN. 
TYP. 
MAX. 
UNITS 


VIDEO AMPLIFIER 
(MAX452/3/4/S) 


-3dB 
Bandwidth 
GBW1 
Av = OdB, RL = 750 
(Note 5) 
30 
50 
MHz 


-3dB 
Bandwidth 
GBW2 
Av=6dB, 
RL =1500 
(Note 5) 
25 
40 
MHz 


Differential 
Phase Error 
DP 
MAX452 (Notes 3, 5) 
0.2 
deg 
MAX453/4/5 
(Notes 3, 5) 
1.2 


Differential 
Gain Error 
DG 
(Notes 3,5) 
0.5 
% 


Settling-Time 
to 1% 
ts 
!1V= 
1V, RL = 1500, 
Av=6dB 
50 
ns 


Output 
Impedance 
ROUT 
f=100kHz, 
Av= 
OdB 
2 
0 


Full-SCale Output 
Current 
lOUT 
RL=1500 
±14 
±20 
mA 


Output Voltage Swing 
VOUT 
RL = 1500 
±2.1 
±3.0 
V 


Input Noise, dc to 40MHz 
Vn 
(Note 5) 
0.15 
0.5 
mVrms 


Operating 
Supply Voltage 
V+,V- 
±4.5 
±5.5 
V 


Supply 
Current 
Is 
V1N = OV 
20 
25 
30 
mA 


MULTIPLEXER 
(MAX453/4/S) 


Input Voltage Range 
VIN 
Over Temperature 
-2 
2 
V 


OFF Input Leakage Current 
TA = +25°C 
(Note 4) 
0.01 
10 


'OFF 
Over Temperature 
C 
1 
10 
nA 
Range (Notes 2, 4) 
E 
3 
30 
M 
50 
500 


Logic Low Threshold 
VIL 
0.8 
V 


Logic High Threshold 
VIH 
2.4 
V 


Input Pullup/down 
Current 
IIL./IH 
5 
20 
J..l.A 


Turn-ON 
Time 
tON 
(Note 5) 
75 
120 
ns 


Turn-OFF Time 
tOFF 
(Note 5) 
25 
60 
ns 


Break-Before-Make 
Delay 
to 
(Note 5) 
10 
50 
ns 


Channel 
"ON" Capacitance 
CON 
(Note 5) 
7 
15 
pF 


Channel 
"OFF" Capacitance 
COFF 
(Note 5) 
3.5 
12 
pF 


fiN = 4MHz, Rs = 750 
(Note 5) 
Channel 
"OFF" Isolation 
OIRR 
Channel 2 to Channel 3 
45 
55 
dB 
All other Channels 
60 
70 


Note1: 
InputbiascurrentIncludesthemunlplexer'sON-stateleakagecurrentlortheMAX453.MAX454andMAX455. 


Note2: 
Operatingtemperaturerangelor "C"devicesIsOoCto70°C.lor "E"devicesIs_40°Cto +85°C.andlor"M"devicesIs-55°C to + 125°C. 


Note3: 
Inputtestsignal:3.58MHzslnewave01amplitude40IREsupe~mposedonalinearramp(0to100IRE).TheamplifierIsoperatedatagainol2VN 
whiledrMnga 150ohmload. 


Note4: 
Guaranteedoverthevonagerange.V- < VIN<V+ . 
Note5: 
Guaranteedbydesign. 


Input test signal: 3.58MHz slnewave of amplttude 40 IRE supe~mposed on a linear ramp (0 to 100 IRE). The amplifier Is operated at a gain of 2VN 
while driving a 150 ohm load. 


OPEN-LOOP 
GAIN Ys. TEMPERATURE 


~1000 


~ 
700 
Z 
500 
< 
400 
CJ 
300 


W 
200 
~ 
150 
!:i 
100 


~ 
70 
ll. 


~ 
Wll.o 


48 
is 42 
~ 
Z 
38 
< 
30 
CJll. 
24 
8 
18 
...• 
Z 
12 
Wll.0 
8 


0 


50 
40 
30 


20 
15 


10 
-55 -35 -15 
+5 +25 +45+85+85 
+125 


FREE - AIR TEMPERATURE 
(oC) 


•..... 
RL 
10000 
--r-+--L. 


I 
I 
I - 
RL~ 1500 


r-•.... 


RL= 750 
r- 
"'- 


0.25 0.5 
1 
2 
4 
8 
18 
32 
84 


FREQUENCY 
(MHz) 


PIN 
PIN NUMBER 
FUNCTION 
NAME 
MAX452 
MAX453 
MAX454 
MAX455 


V+ 
6 
6 
12 
18 
Positive Supply, 
+5V 


V- 
3 
3 
4 
6 
Negative Supply, 
-5V 


VoUT 
8 
8 
14 
20 
Amplifier output 


-IN 
7 
7 
13 
19 
Amplifier's 
inverting 
input 


+IN 
5 
- 
- 
- 
Amplifier's 
non-inv. 
input 


INO 
- 
4 
7 
5 
Analog input, channel 0 


IN1 
- 
5 
8 
7 
Analog input. channel 
1 


IN2 
- 
- 
10 
9 
Analog input, channel 
2 


IN3 
- 
- 
11 
10 
Analog input, channel 
3 


IN4 
- 
- 
- 
11 
Analog input, channel 
4 


IN5 
- 
- 
- 
13 
Analog input, channel 
5 


IN6 
- 
- 
- 
15 
Analog input, channel 
6 


IN7 
- 
- 
- 
17 
Analog input, channel 
7 


A2 
- 
- 
- 
1 
Channel select, MSB 


A1 
- 
- 
1 
2 
Channel select 


AO 
- 
1 
2 
3 
Channel select, LSB 


GND 
- 
2 
3 
4 
Logic Ground 


_______ 
Detalled Descrlptlon 


The video 
amplifier 
is a low gain, 
wideband 
op-amp 
optimized 
for driving 
low impedance 
loads. Open-loop 
gain is about 40VN with a 75 ohm load which introduces 
a 
small gain error. However, this can readily be trimmed 
by 
adjusting 
the gain-setting 
resistors. 


The 
MAX45213/4/5 
series 
are unity-gain 
stable 
when 
driving resistive loads. They are optimized 
for driving 75 
ohms at unity gain or 150 ohms at a gain of 2VN with no 
frequency 
compensation 
components 
required. 
Gen- 
erally, for the best transient response, the load resistance 
should 
be (in ohms) 75 x GAIN(VN). 
Thus, at a gain of 
+ 6dB (2VN), the amplifier's 
optimal load is 150 ohms. If a 
higher 
resistive 
load 
is used, 
the 
amplifier 
will show 
peaking 
near its -3dB 
frequency. 
If a capacitive 
load is 
being driven, such as the input to a flash converter, 
the 
load should 
be "isolated" 
by a series resistor 
to limit 
amplifier 
ringing, 
see Figure 4. 


The bandwidth 
of the amplifier 
is affected 
by both the 
closed-loop 
gain and the load resistor. Table 1 lists the 
-3dB 
rolloff frequency 
for a MAX453/4/5 
with different 
gains and optimal 
resistive loads. The MAX452, which 
doesn't 
have the 
input 
multiplexer, 
runs 
about 
20% 
higher in bandwidth. 


Table 1. 
Gain and Load Resistor 
Selection 


GAIN 
f-3dB 
R1 
R2 
Riolld 


(VN) 
(MHz) 
(il) 
(il) 
(il) 


1 
50 
0 
00 
75 


2 
40 
1k 
1k 
150 


5 
30 
1k 
4k 
390 


10 
18 
1k 
9k 
750 


The multiplexers 
feature break-before-make 
switches to 
insure that no two channels are ever connected 
together. 


Low DC offset voltage 
and high 
bandwidth 
allow the 
MAX455 to be cascaded 
to form a 64 channel 
system 
while retaining video signal fidelity. 


Figure 1 shows a typical application 
of the MAX455. The 
circuit is being used to drive a back terminated 
75 ohm 
cable. R3 and R4 terminate 
the cable at both ends. R3 
also attenuates the signal by a factor of two, so to make up 
for the signal loss, the amplifier is run at a gain of 2VN. 
This arrangement 
provides unity gain from signal inputto 


CMOS logic. The GND pin (which is a logic ground, 
NOT 


an 
analog 
ground) 
should 
be 
connected 
to 
digital 


ground. Table 2 shows selected channels for the different 
states of the control lines. If AO,A1, and A2 are left floating, 
intemal pullup/pulldown 
sources will hold AOand A1 low. 


and A2 high. Thus, channel 0 is the default channel for the 
MAX453 and 
MAX454, 
while 
channel 
4 is the default 


channel 
for the MAX455. Pullup/pulldown 
currents 
are 


typically around 5J.lA. 


cable output. Amplifier closed-loop 
gain is set by R1 and 
R2 giving, 


VOUT = 
G x (R1 + R2) 


V1N 
(G x R2) + (R1 + R2) 


Where 
G is the open-loop 
gain of the amplifier, 
about 
70VN with a 150 ohm load. Capacitors 
C1 and C2 are 
power supply 
bypass capacitors. 


Multiplexer 
channels 
are selected 
by the AO. A1. and A2 
pins. These logic pins are compatible 
with either TIL or 


Table 2. 
Channel Selection 


MAX453 
MAX454 
MAX455 


AO 
Channel 
A1 
AO 
Channel 
A2 
A1 
AO 
Channel 


L 
O· 
L 
L 
O· 
L 
L 
L 
0 


H 
1 
L 
H 
1 
L 
L 
H 
1 


H 
L 
2 
L 
H 
L 
2 


H 
H 
3 
L 
H 
H 
3 


H 
L 
L 
4· 


H 
L 
H 
5 


H 
H 
L 
6 


H 
H 
H 
7 


v+ 
+5.OV 
C1 


~ 
16 
- 
MAX455 
750 
R3 
:r:"'=~"' 


750 


= 
750 


R1 
- 
1.07kO 


R2 
LOGIC 
1.00kO 
GROUND 
- 


4 
6 
C2 


y- 
~ 
- 
-5.0Y 
- 
- 


IN7 


IN6 


IN5 


ANALOG 
IN4 


INPUT 
IN3 


IN2 


IN1 


Figure 1. Typical Application 


5-34 ------- 
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_____________ 
TYplcaIAppUcaffons 


Figure 2 shows the connections 
for a unity-gain amplifier. 


R1 and R2 adjust the gain to be nominally 
1.00VN. R3 is a 
75 ohm load resistor. If precise unity-gain 
is not needed. 
R1 and R2 can be omitted 
and -IN can be connected 
directly to VOUT. 


Figure 2. Unity-Gain Connections 


Figure 
3 shows 
how 64 channels 
can be multiplexed 
together. 
Eight MAX455s select 8 out of 64 channels, and 
a final MAX455 selects one of the 8 intermediate channels. 
The first eight 
MAX455s 
are connected 
as unity-gain 
amplifiers 
with 150 ohm load resistors. This results in a 
voltage gain of about 0.9IJVN. The 150 ohm loads will also 
cause these unity-gain 
amplifiers to peak around 40MHz 
which 
tends 
to cancel 
the rolloff 
of the final amplifier 
running at a gain of 2VN. The overall gain is adjusted by 
R1. The -3dB 
frequency 
is about 35MHz. 


Figure 4 shows the amplifier driving a capacitive load. The 
27 ohm resistor provides isolation between the capacitive 


+ + + 
A2 
A1 
AO 
x2 
x1 Xc 
••• 


A2 
A1 
AO 
x2 x1 Xc, 


LSBof 
Address 


Figure 3. Nine MAX455s Used to Multiplex 
64 Channels. 


load 
and 
the 
amplifier 
output. 
This 
minimizes 
signal 
peaking at high frequencies. 
As a rule, the resistor should 
be chosen 
such that the RC product 
is 10ns or longer. 


This 
scheme 
shouldn't 
be used 
if R is greater 
than 
150 ohms 
(or C is less than 100pF). The amplifier 
can 
drive 100pF directly without an isolation resistor. 


The 
video 
amplifier 
is similar 
to a transconductance 
amplifier in that the output is a current proportional 
to the 
difference 
of the input voltage and the feedback 
voltage. 


Gm is about 0.5 mNmV. 
The output 
impedance 
of the 
amplifier 
is around 
1k ohms. 
This gives 
an unloaded 
voltage gain of, 


GmxRo 
= SOOVN 


or about 54 dB. 


Video signals are often of one polarity, e.g., ranging from 0 
to + 1V full scale. When amplifying 
these signals, phase 
distortion can be reduced 
by biasing the output stage of 
the video amplifier as shown in Figure 5. Here a signal is 
driven 0 to + 2V into a 150 ohm load. R2 provides 6.5 mA 
of drive to the load at mid scale (1V). The amplifier. instead 
of 
supplying 
0 to 13mA, 
supplies 
a more 
symmetric 
±8mA 
which 
reduces 
phase distortion 
to about 
1 de- 


gree at 4 MHz. Because 
of the amplifier's finite gain 
of 
0.5mNmV. 
the 
current 
from 
R2 introduces 
an offset 
voltage. Adding 
R1 compensates 
for this offset. R3 and 
R4 set the closed-loop 
gain of the amplifier. 


Care should 
be taken 
in laying 
out the printed 
circuit 
board 
connections 
to 
minimize 
cross-talk 
between 
channels. 
This can 
be augmented 
by 
using 
ground 
traces between the signal paths. 


--q- 
R4 
750 


A2 
A1 
AO 
-IN 
x5 x4 
X3, 


MSBof 
Address 


Power supply 
voltages 
should 
be maintained 
to within 
± 5% of the nominal ± 5.00V values for optimum 
per- 


formance. 


From 


MUX 
I 
470pF 


PART 
TEMP. 
RANGE 
PACKAGE 


MAX454MJD 
-55°C 
to + 125°C 
14 lead CERDIP 


MAX455CPP 
OOCto 
+ 70°C 
20 lead plastic 
DIP 


MAX455CWP 
OOCto 
+ 70°C 
20 lead small-outllne 


MAX455C/D 
OOCto 
+ 70°C 
Dice 


MAX455EPP 
-40°C 
to + 85°C 
20 lead olastlc 
DIP 


MAX455EJP 
_40°C 
to +850C 
20 lead CERDIP 


MAX455MJP 
-SSoC 
to + 125°C 
20 lead CERDIP 


ChIp TopographIes 
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VOUT 
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A1 
AO 
~ 
.067" 


(1.70mm) 
Note: Connect Die 
(1.70mm) 
MAX452C/D 
Substrate to V+. 
MAX455C/D 


________ 
General Description 


The 
MAX460 
is a high 
speed, JFET 
input 
voltage 
follower 
similar 
and pin compatible 
to the LH0033, 


but with 
input specifications 
significantly 
improved 
over the older device. This device is a direct pin-for- 
pin replacement 
for the EL2005. The cascode input 


stage 
maintains 
a constant 
high 
input 
resistance 
over the full 
±10V 
input 
voltage 
range. The 
input 
loading can be characterized 
as a 1000GO resistance 


in parallel 
with a 3pF capacitor 
to ground. 
In most 
practical applications 
this can be considered 
a negli- 
gible load. 


Fast Sample/Hold 
Amplifiers 


High Source Impedance Accurate 
Buffering 


Flash AID Input Buffering 


Video Distribution 


CRT Drive 


Coaxial Line Driver 


High Speed 
High Voltage Attenuator 


(Detailed Circuit Diagram - 
Figure 5) 
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High Accuracy Fast Buffer 


• 
Pin for Pin Second Sourcel 


• 
Pin Compatible with LH0033 and EL2005 


• 
Low Input Current 50pA 


• 
Low Offset Voltage 2mV 


• 
Low Offset Drift 25/lV/oC 


• 
High Slew Rate 1500v/ /ls 


• 
Fast Rise & Fall Times 2.5ns 


• 
High Input Resistance 1000GO 


• 
Wide Bandwidth 140MHz 
_______ 
Ordering Information 


PART 
TEMP. 
RANGE 
PACKAGE 


MAX460MGC 
-55"C to +125"C 
12 Lead TO-8 


MAX460lGC 
-25"C to +85"C 
12 Lead TO-8 


EL2005G 
-55"C to +125"C 
12 Lead TO-8 


EL2005CG 
-25"C to +85"C 
12 Lead TO-8 


High Accuracy Fast Buffer 


Supply Voltage (V+ - V-) 
40V 
Maximum Power Dissipation 
..........•.... 
1.5W (See Graph) 
Maximum Junction Temperature 
.....•............... 
+175°C 


Input Voltage Range .................•................... 
±Vs 
Continuous Output Current 
±100mA 


Peak Output Current 
..............•..•............. 
±250mA 
Operating Temperature Range 
MAX460MGC ......................•...... 
-55°C to +125°C 


MAX460IGC ..........................•.... 
-25°C to +85°C 
Storage Temperature Range 
-65°C to +150°C 
Lead Temperature (Soldering, 10sec.) 
+3OO°C 


Stresses above those listed under "Absolute Maximum 
Ratings" may cause permanent 
damage to the device. These are stress ratings only and functional 
operation 
of the device at these or any other conditions 
above those indicated in the operational 
sections of the specifications 
is not implied. Exposure to 


absolute maximum rating conditions for extended periods may affect device reliability. 


MAX460MGC 
MAX460lGC 
PARAMETER 
SYMBOL 
CONDITIONS 
UNITS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Output Offset 
Vos 


Rs; 1000, TJ ; +25°C 
2 
5 
3 
10 
mV 
Voltage 
Rs; 1000 
10 
15 


Offset Tempco 
t:Nosl!!.T 
Rs; 1O0ll (Note 3) 
25 
25 
I'vrc 


Supply Rejection 
PSRR 
±10V < Vs < ±20V 
66 
75 
60 
75 
dB 


TJ ; +25°C (Notes 2 and 7) 
2 
50 
5 
100 
pA 


Input bias current 
Ie 
TA; 
+25°C, (Notes 4 and 7) 
50 
500 
100 
1000 


TJ; 
TA ; T MAX 
2 
5 
0.5 
5 
nA 


RL; 
1kO 
0.97 
0.98 
1 
0.96 
0.98 
1 
Voltage Gain 
Av 
VIV 


RL; 
1000 
0.92 
0.95 
0.98 
0.91 
0.95 
0.99 


-10V to +10V 
2 
1000 
2 
1000 
Input Impedance 
R'N 
GO 


TJ; 
+25°C 
10 
1000 
10 
1000 


Output Resistance 
ROUT 
V'N; ±1V 
4 
8 
4 
8 
0 


V'N; ±14V, RL ; 1kO 
12 
12.5 
12 
12.5 
Output Voltage Swing 
VOUT 
V'N; ±10.5V, RL ; 1000, 
V 


TA; 
+25°C 
9 
9.8 
9 
9.8 


External Offset 
REXT 
Vos; OmV, 
0 
75 
200 
0 
75 
200 
0 
Resistance 
TA; 
+25°C (Note 6) 


Supply Current 
Is 
V'N; OV(Note 5) 
19 
22 
19 
24 
mA 


Power Consumption 
Ps 
V'N; OV 
570 
660 
570 
720 
mW 


MAX460MGC 
MAX460lGC 


PARAMETER 
SYMBOL 
CONDITIONS 
UNIT 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Slew Rate 
SR 
V'N; ±10V, VOUT; ±5V 
1000 
1500 
1000 
1500 
VII's 


Bandwidth 
BW 
V'N; 1VRMS 
140 
140 
MHz 


Phase Non-Linearity 
BW; 
1 to 20MHz 
2 
2 
deg. 


Rise Time 
t, 
,W'N; 0.5V 
2.5 
2.5 
ns 


Fall Time 
tf 
!!.V'N; 0.5V 
1 
1 
ns 


Distortion 
HD 
F; 
1kHz 
< 0.1 
< 0.1 
% 


Voltage Gain 
Av 
Rs; 100ll, V'N; 1VRMS, 
0.97 
0.99 
1 
0.96 
0.99 
1 
VIV 
F;1kHz 


Output Resistance 
ROUT 
V'N; 1VRMS' F; 
1kHz 
4 
8 
4 
8 
0 


The MAX460MGC is 100% tested at +25°C, +125°C and -55°C. The MAX460lGC is 100% production 
tested at +25°C only. 


Specifications at temperature extremes are verified by sample testing to 10% LTPD, but these limits are not used to calculate 
outgoing quality level. 


Note 2: 
Specification is at +25°C junction temperature due to requirements of high speed automatic testing. 


Note 3: 
Temperature coefficient measured from +25°C to TMAX' 


Note 4: 
Measured in still air 7 minutes after application of power. Guaranteed through correlated automatic pulse testing. 


Note 5: 
Guaranteed through correlated automatic pulse testing at TJ ; +25°C. 


Note 6: 
Offset adjust resistor connects between device pin 7 and V-. 


Note 7: 
Input bias current is guaranteed for -10V ~ V'N~ +10V. 
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_______ 
Circuit 
Description 


The MAX460 
combines 
a cascode 
JFET input 
stage 
with 
a high 
current 
bipolar 
output 
stage 
to form 
an 
analog buffer amplifier 
with very high input impedance 
and very low output 
resistance 
over a wide 
range of 
conditions. 


In normal 
operation, 
the source 
of Q1 wil be offset 
from the input 
voltage 
by the Vgs of Q1. The output 
is offset 
from 
the Q1 source 
voltage 
by the IR drop 
across 
R1 and 
the 
Vbe 
of Q5. The 
total 
of these 
offsets has been actively trimmed 
during the assembly 
process 
to be nearly 
zero. 


Q8 sets the drain 
to source 
voltage 
of Q1 to a low 
voltage 
that is virtually 
independent 
of input voltage, 
so that 
the input 
bias current 
only 
changes 
slightly 
when the input voltage is changed. 
(This is the primary 
difference 
between 
the MAX460 and the LHOO33.) 


Q4, Q7 and Q9 are devices similar 
to Q1, Q5 and Q8. 


The current 
forced 
by the drain 
of Q9 will 
have the 
proper 
temperature 
coefficient 
to 
balance 
the tem- 
perature 
coefficient 
of the main amplifier 
stage, Q1. 


Diode 
connected 
transistors 
Q2 and 
Q3 provide 
a 
two Vbe voltage 
difference 
between 
the bases of the 
two output 
transistors, 
setting 
the quiescent 
current 
through 
Q5 and Q6. Resistors 
R3 and R4 provide 
a 
small 
amount 
of degeneration 
to stabilize 
the quies- 
cent current 
over temperature. 


7 
OFFSET 
ADJUST 


6 
OffSET 
PRESET 


10 
v- 


High Accuracy Fast Buffer 


_________ 
Appllcations 


Leyout Pl'fICIJutlons 


The MAX460 
should 
be treated 
as a high frequency 
amplifier 
when 
designing 
a 
printed 
circuit 
layout. 


Power 
supply 
bypassing 
to a ground 
plane with 
low 
inductance 
capacitors 
should 
be within 
a half inch of 
the device. 
For applications 
where 
the input 
capaci- 
tance is critical, 
connect 
the case of the device to the 
output 
so that the case capacitance 
is bootstrapped. 


For most 
applications, 
the case 
may be left uncon- 
nected 
or grounded. 
There 
is no internal 
connection 
to the case. 


In addition 
to the high frequency 
concerns, 
one must 
consider 
the effects 
of any possible 
leakage 
paths if 
the full 
input 
resistance 
of the MAX460 
is to be util- 
ized. 
Ordinary 
printed 
circuit 
board 
materials 
may 
need 
a coating 
to 
prevent 
board 
leakage 
at 
high 
humidities 
or when dirty. The input in some situations 
may 
not 
even 
go to the 
printed 
circuit 
board, 
but 
instead 
be connected 
directly 
to a sensor 
or input 
connector. 
Lastly, consider 
the possibility 
of a guard 
structure 
surrounding 
the 
input 
node 
connected 
to 
the 
MAX460 
output: 
since 
there 
will 
be little 
or no 
voltage 
differential 
between 
the 
input 
and 
output, 


there 
can be little 
input 
current 
flow 
even if there 
is 
some parasitic 
leakage resistance. 


Off•• t Voltsgs AdJustmant 


For most 
normal 
applications 
of the 
MAX460, 
con- 
nect 
pin 6 to pin 7 and 
use the 
internally 
adjusted 
and guaranteed 
offset 
adjustment. 
When 
this 
is not 
acceptable, 
or 
there 
is a system 
offset 
to 
be ab- 
sorbed, 
an external 
200 ohm 
trim 
pot 
may be con- 
nected from pin 7 to V-. 


Pows, D/u/plltlon 
Cons/ds,stlons 


The MAX460 
package 
is rated for 0.5W in still air at 
125°C and 0.75W with an infinite 
heat sink, Since the 
quiescent 
power 
is in the neighborhood 
of 600mW, a 
heat sink is needed 
for most 125°C applications 
and 
some heavy load applications 
at lower temperatures. 


Note that several degrees 
rise in device 
temperature 
can have an adverse 
effect 
on the input 
current 
and 
resistance. 
Several 
suitable 
commercial 
heat 
sinks 
are available including 
the Thermalloy 
2241, the Wake- 


field 215CB and the IERC UP-T08-48CB. 
Please note 
that 
the 
can 
diameter 
is 0.55 
inches 
nominal 
as 
opposed 
to the JEDEC TO-8 can which 
is 0.45 inches 
nominal. 
(See 
the 
outline 
drawing 
for 
detailed 
dimensions.) 


III 


High Accuracy Fast Buffer 


Operation from Sinflle 
or Asymmetrical Power SupplIes 


Since 
the 
MAX460 
has no ground 
pin, an asym- 


metrical 
power 
supply 
is indistinguishable 
from 
a 
symmetrical 
supply with a DC level on the input. The 


single supply 
case is simply 
the asymmetrical 
case 


taken to the extreme 
of one of the supplies 
being 


zero. In either case, an offset error will be generated 
corresponding 
directly to the gain of the circuit times 


the 
apparent 
DC 
level 
with 
respect 
to 
a pseudo 


ground point halfway between the supplies. 


Output Offset = 0.5(1 - gain)~V1-IV1) 


For example, a device operating 
on supplies of +5V 
and -12V would have an apparent offset error due to 
the gain of about -35mV. This could 
easily be cor- 
rected with an offset adjust pot connected 
from pin 7 
to V- as discussed 
in the offset voltage adjustment 
section. 


Capacitive Loading 


The MAX460 is designed 
to drive heavy capacitive 


loads without 
susceptibility 
to oscillation. 
Note that 


the absolute 
maximum 
current 
rating 
must still 
be 
observed, 
thus the output 
slew rate times the load 
capacitance 
must be less than 250mA. For example, 
a 1000VlJ.Lsslew rate with a 250pF load would fall just 
within the absolute maximum 
peak current specifica- 


tion. If a heavier capacitive 
load needs to be driven, 
the slew rate must be externally 
limited. Power dissi- 
pation 
resulting 
from capacitive 
load currents 
must 
be considered 
independently. 
The real power dissi- 
pated 
in a circuit 
driving 
a sine wave into a pure 
capacitive load is: 


Pac= (Vp_p)2x Frequency 
x C1 


This dissipation 
adds directly 
to the device's quies- 
cent 
power and any DC load power that might 
be 
present. The sum of all these terms must be less than 


the absolute 
maximum 
power rating at the tempera- 


ture of operation. 
For example, a 250pF load driven 


to 20V peak to peak at 1MHz adds a reactive power 
dissipation 
in the MAX460 of: 


(20)2 x 106 x 250 x 10-12= 100mW. 


This 
additional 
power 
is not often 
a severe appli- 


cation problem with the MAX460. 


Short Circuit Protection 


The MAX460 is not internally 
short circuit 
protected 


as most of the 
possiblities 
involve 
some 
compro- 


mise 
in output 
swing 
or 
transient 
response. 
The 


output 
stage collectors 
are available 
separately, so 


there 
are 
several 
options 
open 
to 
the 
user. The 


simplest 
and 
most 
commonly 
used 
is the 
simple 


resistor 
in each 
output 
stage 
collector. 
For worst 


case protection 
these 
resistors 
may be calculated 


by: 


RUM = V+/100mA = V-/100mA = 1500 for 15V supplies 


Unfortunately, 
a resistor this large severely restricts 


the voltage swing into a heavy load and the slew rate 
into a capacitive 
load. Decoupling 
the Vc+ and Vc- 


pins with capacitors 
will retain full output 
swing for 


transient 
pulses, but if the capacitors 
are made too 


large (to hold up long pulses) the protection 
is lost. A 


better but more complex 
circuit 
is shown in figure 4. 


Here, each 
output 
stage 
collector 
is driven 
by a 


current 
source 
set to a safe current, 
in this case, 


about 
70mA. 
Ordinarily, 
the 
actual 
output 
current 


demand 
is less than 
that, 
so the 
current 
source 


saturates, applies +Vsand -Vs to the output collectors 
and the MAX460 behaves normally. In the event of a 
short 
on the 
output, 
however, 
the 
current 
source 


comes into play and reduces the output stage collector 
voltage as required to keep the current to a safe level. 
The output stage collectors 
may be bypassed with a 


small capacitor to give additional 
current capacity for 


short 
periods, 
as would 
be 
required 
in driving 
a 


capacitive load. 


INPUT 
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_______ 
Typical Applications 


High Resistance Compensated Dil/ider 
to Monitor ± 100V 


The circuit in Figure 5 is intended to interface an ND 
converter 
with a maximum 
input voltage of ±10V to 
an input signal of ±100V with a minimum 
of loading 
on the signal. Resistors R1 and R2 and capacitor 
C1 


form a frequency 
compensated 
10:1 voltage divider 
so that 
the 
buffer 
never sees more than 
its rated 


±10V. For optimum 
transient 
response, C1 should be 
adjusted 
to 
compensate 
for 
variations 
in 
stray 


capacitance. 
Note that this circuit will work with the LH0033 device, 
but there will be a tendency 
for the negative gain to 
be in error due to the rise in the input current 
for 
negative input voltages. (See the curve of input bias 
current 
vs. input voltage on the LH0033 data sheet.) 


This 
non-linearity 
at the input 
can cause apparent 
offset voltage changes 
in response to an AC signal 


that would 
cause the input current 
to be higher 
at 
some parts of the cycle than at others. 
___________________ 
Typical Operating Characteristics 
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Typical Operating 
Characteristics 
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High Accuracy Fast Buffer 


The 
BB3554/AD3554 
is a very 
high 
performance 
Hybrid 
operational 
amplifier 
with 
JFET 
inputs 
and 
high-speed 
high-drive 
bipolar 
output. 
The combina- 
tion of respectable 
DC specifications 
with unusually 
complete 
AC, 
noise, 
and 
transient 
specifications 
guaranteed 
over a wide range of conditions 
results in 
an amplifier 
that can be used in a wide 
variety 
of 
appl ications. 


The BB3554/AD3554 
slews at 1000Vl/-ls 
and outputs 
up to ±100mA 
at ±10V. As a fast-settling 
amplifier, 
the 
BB3554/AD3554 
reaches 
its final 
value 
within 


150ns to a ±O.05% error band. 


Baseband Video Amplifiers 


Test Equipment 


Waveform Generators 


Pulse Amplifiers 


Fast ND and D/A Converters 
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Wideband Fast-Settling 
Operational Amplifier 
____________ 
Featurea 


• 
1000 Vlp.sSlew Rate 


• 
Settling-Time 150ns Max 


• 
Full Differential Input 


• 
100mA Minimum Output Current 


• 
Drives Coaxial Cable Directly 


PART 
TEMP. 
RANGE 
PACKAGE 


BB3554AM 
-250 C to +850 C 
8 Lead TO-3 


BB3554BM 
-250 C to +850 C 
8 Lead TO-3 


BB3554SM 
-550 C to +1250 C 
8 Lead TO-3 


AD3554AM 
-250 C to +850 C 
8 Lead TO-3 


AD3554BM 
_250 C to +850 C 
8 Lead TO-3 


AD3554SM 
-550 C to +1250 C 
8 Lead TO-3 


- 


Wideband Fast-Settling 
Operational Amplifier 


ABSOLUTE MAXIMUM RATINGS 


Supply Voltage (V+ to V-) 
40V 
Input Voltage ...................•..•.........•....... 
v+ to V- 
Continuous 
Output Current 
........•.........•..•.... 
±150mA 
Peak Output Current. 
±250mA 
Power Dissipation 
(See Curves) 
3.5W 


(Derate linearly above +50°C at 36°C/W 
to zero at +75°C) 


Operating Temperature Range 
BB3554SM and AD3554SM ........•.... 
-55°C:S 
TA:s +125°C 


BB3554AM, BB3554BM, 


AD3554AM, AD3554BM .........•..... 
-25°C:S 
TA:S +85°C 


Junction 
Temperature 
+175°C 


Storage Temperature 
-65°C:S 
TA:S +150°C 
Lead Temperature (Soldering, 
10 Seconds) 
+300°C 


Stresses above those listed under "Absolute Maximum 
Ratings" may cause permanent 
damage to the device. These are stress ratings only, and functional 


operation 
of the device at these or any other conditions 
above those indicated in the operational 
sections of the specification 
is not implied. Exposure 
to 


absolute maximum 
ratings conditions 
for extended periods may affect the device reliability. 


DC ELECTRICAL CHARACTERISTICS 
(Vs = ±15V; 
TeASE = +25°C 
unless 
otherwise 
specified) 


BB3554AMI 
BB3554BMI 
BB3554SMI 
PARAMETER 
SYMBOL 
CONDITIONS 
AD3554AM 
AD3554BM 
AD3554SM 
UNITS 
MIN. 
TYP. 
MAX. 
MIN. 
TYP. 
MAX. 
MIN. 
TYP. 
MAX. 


Open-Loop 
Voltage Gain 
AvoL 
VOUT= ±10V 
100 
106 
100 
106 
100 
106 
dB 
RL = 100n 
90 
96 
90 
96 
90 
96 


Output Voltage Swing 
VOUT 
lOUT= ±1oomA 
±10 
±11 
±10 
±11 
±10 
±11 
V 


Output Current Swing 
lOUT 
Vo = ±10V 
±1oo 
±125 
±1oo 
±125 
±1oo 
±125 
mA 


Output Resistance 
ROUT 
f = 10MHz 
20 
20 
20 
n 


Input Offset Voltage 
Vos 
TA = +25°C 
0.5 
2.0 
0.2 
1.0 
0.2 
1.0 
mV 


Average Temperature 
Coefficient 
of Offset 
TMIN < Tc 
< TMAX 
20 
50 
8 
15 
12 
25 
Ilvrc 
Voltage 


Power Supply 
PSRR 
±7V to ±18V 
80 
300 
80 
300 
80 
300 
IlVN 
Rejection Ratio 
T MIN < Tc < T MAX 


Input Bias Current 
Ie 
(Note 1) 
0 
-10 
-50 
0 
-10 
-50 
0 
-10 
-50 
pA 


TMIN < Tc < TMAX 
-0.64 
-0.64 
-10 
nA 


Ie vs Supply 
1 
1 
1 
pAN 


Input Offset Current 
los 
2 
10 
2 
10 
2 
10 
pA 


Input Resistance 
R01FF 
10" 
10" 
10" 
n 
RCM 
10" 
10" 
10" 


Input Capacitance 
C,N 
2.0 
2.0 
2.0 
pF 


Common-Mode 
VCM 
Linear Operation 
±(Vcc -4) 
±(Vcc -4) 
±(Vcc -4) 
V 
Input Range 


Maximum Safe 
VCMIMAX) 
V- 
V+ 
V- 
V+ 
V- 
V+ 
V 
Input Voltage 


Common-Mode 
CMR 
f = DC, 
60 
78 
60 
78 
60 
78 
dB 
Rejection Ratio 
VCM= +7V to -10V 


Rated Supply Voltage 
±15V 
±15V 
±15V 
V 


Voltage Range, 
±5V 
±18V 
±5V 
±18V 
±5V 
±18V 
V 
Derated Performance 


Supply Current, 
17 
28 
45 
17 
28 
45 
17 
28 
45 
mA 
Quiescent 


Note 1: 
Specification 
is at +25°C case temperature 
due to requirements 
of high speed automatic 
testing. 
Actual 
values at operating 


temperature 
will exceed the value at TJ = +25°C. When supply 
voltages 
are ±15V, no-load 
operating 
junction 
temperature 


without 
a heat sink may rise 20-30°C 
above ambient, 
and more under 
heavy load conditions. 
Accordingly, 
Ie will change 


significantly 
during warm-up. Refer to Ie vs temperature 
graph for expected values. 


Wideband Fast.Settling 
Operational Amplifier 


AC ELECTRICAL CHARACTERISTICS 
(TeASE = +25°C, 
Vs = ±15V, 
Rs = 500, 
RL = 500) 


BB3554AM 
BB3554BM 
BB3554SM 
PARAMETER 
SYMBOL 
CONDITIONS 
AD3554AM 
AD3554BM 
AD3554SM 
UNITS 
MIN. 
TYp. 
MAX. 
MIN. 
TYp. 
MAX. 
MIN. 
TYp. 
MAX. 


Bandwidth 
(Note 2) 
BW 
OdB Small Signal, CF = 0 
70 
90 
70 
90 
70 
90 
MHz 


Gain-Bandwidth 
CF = 0, Gain = 10 VIV 
150 
225 
150 
225 
150 
225 


Product (Note 3) 
GBW 
CF = 0, Gain = 100 VIV 
425 
725 
425 
725 
425 
725 
MHz 


CF = 0, Gain = 1000 VIV 
1000 
1700 
1000 
1700 
1000 
1700 


Full Power Bandwidth 
BW 
RL = 100O, 
16 
19 
16 
19 
16 
19 
MHz 
(Note 3) 
V,N = ±10V, CF = 0 


Slew Rate (Note 3) 
SR 
RL = 1000, 
1000 
1200 
1000 
1200 
1000 
1200 
V1p.s 
V,N = ±10V, CF = 0 


to 1%, Gain =-1 
60 
60 
60 
Settling Time 
to 0.1%, Gain =-1 
120 
120 
120 


(Note 3) 
to 0.05%, Gain = -1 
140 
150 
140 
150 
140 
150 
ns 


to 0.01%, Gain =-1 
200 
250 
200 
250 
200 
250 


Rs = 1000, fo = 1Hz 
125 
450 
125 
450 
125 
450 
Rs = 1000, fo = 10Hz 
50 
160 
50 
160 
50 
160 
Rs = 1000, fo = 100Hz 
25 
90 
25 
90 
25 
90 
nV.jiTz 
Rs = 1000, fo = 1KHz 
15 
50 
15 
50 
15 
50 


Input Noise Voltage 
Rs = 1000, fo = 10KHz 
10 
35 
10 
35 
10 
35 


(Note 2) 
eN 
Rs = 1000, fo = 100KHz 
8 
25 
8 
25 
8 
25 
Rs = 1000, fo = 1MHz 
7 
25 
7 
25 
7 
25 
Rs = 1000, 
2 
7 
2 
7 
2 
7 
p.Vp_p 
fo = 0.3Hz to 10Hz 
Rs = 1000, 
8 
25 
8 
25 
8 
25 
P.VRMS 
fo = 10Hz to 1MHz 


Input Noise Current 
IN 
fo = 0.3Hz to 10Hz 
45 
45 
45 
fA, p_p 


(Note 2) 
fo = 10Hz to 1MHz 
2 
2 
2 
pA, RMS 


XI Non-Inverter 


5.IkO 


Rp = •• for X1 


= 3300 for X10 
= 30.30 for X100 
= 30 for X1000 


-15V 
+15V 
CLOSED 
LOOP GAIN IS 


1 + R'N 


Rp 
- 


Wideband Fast-Settling 
Operational Amplifier 


Layout 
is one of the most important 
areas of high 


frequency 
circuit 
design. An excellent 
circuit 
design 
may yield 
only 
marginal 
performance 
if insufficent 
attention 
is paid to circuit 
layout. Operating 
very high 
bandwidth 
devices, such as the BB3554/AD3554, 
at 
low closed-loop 
gains will generally 
exacerbate 
the 
problem. 


A ground 
plane is highly 
recommended 
for all appli- 
cations 
using high-speed 
amplifiers. 
The low resis- 
tance, low inductance, 
and high frequency 
shielding 
attainable 
with a ground 
plane are advantageous 
in 
almost any application. 


IC sockets should generally be avoided, as they cause 
parasitic 
inductances 
and capacitances 
to appear at 
all pins. If it is required that the device be removable, 
use individual 
Hypertronics 
YSK0102-004 sockets for 
each of the device pins used. 


Power Supply Decoupllng 


The positive and negative power supply terminals 
of 


the BB3554/AD3554 must be well bypassed to ground. 
Maxim suggests 
solid tantalum 
capacitors 
of about 
4.71-'fbacked-up 
with high-frequency 
capacitors 
such 
as monolithic 
ceramics 
with 
good 
performance 
at 
100MHz. The high frequency 
decoupling 
capacitors 


should 
be placed as close as possible to the device 
pins. These capacitors 
must be returned to the same 
ground 
point on the ground 
plane or connected 
by a 
short, wide circuit 
board trace of low inductance 
and 


resistance. 


Frequency Compensation 


The 
BB3554/AD3554 
is internally 
compensated 
for 
closed-loop 
gains above 50 so the user can optimise 
bandwidth, 
slew-rate, 
and/or 
settling-time 
at lower 
gains by selection 
of external 
compensation 
capaci- 


tors. Compensation 
capacitance is connected between 


pins 
1 and 3, a value of 10pF provides 
unity-gain 


stability. 
For gains up to 50 the value is decreased 


to zero. The exact value depends 
on a number 
of 


factors 
including 
closed-loop 
gain, layout, and load 


capacitance. 


Settling-time 
performance 
into a capacitive 
load of 


1000pF or more may be improved by isolating the load 
capacitance 
from 
the 
amplifier 
with 
a low 
value 


resistor of the order of 270. The compensation 
capa- 


citor remains connected 
directly from pins 1 to 3, but 


the output and feedback connections 
are made to the 


other end of the new resistor. A 1000pF capacitor from 
pin 8 to ground 
can also be beneficial. 


High-speed 
operational 
amplifiers 
ordinarily 
need 


some 
capacitance 
across 
the 
feedback 
resistor 
to 


compensate 
for the inevitable 
shunt 
capacitance 
at 


the inverting 
input. The value required 
is small (typi- 


cally 2pF) and is repeatable from device to device, so 
it may be practical 
to incorporate 
the feedback capa- 


citor into the PC layout as planned stray capacitance. 


The BB3554/AD3554 
is laser trimmed 
for minimum 


offset voltage. The residual offset error may be trim- 
med by a 10kO or 20kO linear 
potentiometer 
con- 


nected between pins 4 and 8 with the wiper connected 
to V+. Note that pins 4 and 8 are very sensitive 
to 


capacitively 
coupled 
pickup. 
The effect can be mini- 


mized by connecting 
series resistors between the null 


pins and the null potentiometer, 
the resistors must be 


placed 
close 
to the 
BB3554/AD3554. 
The 
value of 


these resistors should be as high as possible consist- 
ent with adequate 
adjustment 
range, at least 1kO is 


recommended. 
It is generally 
undesirable 
to absorb 


system offsets by adjusting the amplifier's 
offset away 


from zero as this may cause the amplifier's 
tempera- 


ture 
coefficient 
to be degraded. 
It is preferable 
to 


adjust the system offset in some other manner such 
as offsetting 
the non-inverting 
input of the amplifier 


or summing a correction 
signal at the inverting 
input. 


Wideband Fast.Settling 
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_____________ 
Typical Operating 
Characteristics 
(continued) 


OUTPUT VOLTAGE 
POWER DISSIPATION 
OUTPUT VOLTAGEva. 


va. FREQUENCY 
va. TEMPERATURE 
OUTPUT CURRENT 


30 
40 
Rl-llIOIl 
Ci. ·0 
Vs =±18V 


30 
Va' 
±18VOC 


~20 
Va' 
±15V 
•• 
~ 
~ 
~ 
3 
~ 
Va' 
±15VOC 
Vsm±l2V 
If 
~ 20 
!ii 
&l 
V 
= ±12VOC 
5 
:: 2 
!ii~ 
~ 10 
~ 
i< 


Va ••.:t8V 
g 
10 
Va' 
±5VOC 


0 
0 
0 
IlIIlI< 
1M 
10M 
100M 
0 
25 
50 
75 
100 
125 
0 
50 
100 
150 
200 


FREQUENCY (HzI 
TEMPERATURE ('CI 
OUTPUT CURRENT (mAL 


Common-Mode Voltage Range 


Note that 
while 
it is safe to apply 
common-mode 
voltage 
up to and including 
both the positive 
and 
negative power supplies, the common-mode 
rejection 
ratio is specified from -1QV to +7V. When the BB3554/ 
AD3554 is operated up to the common-mode 
limit of 
-11V to +11V the common-mode 
rejection 
ratio will 
be reduced. The common-mode 
voltage range must 
be 
considered 
when 
operating 
with 
assymetrical 


power supplies or when running large voltage swings 
at low non-inverting 
gains. 


The 
BB3554/AD3554 
is short-circuit 
protected 
for 
continuous 
output 
shorts to ground, 
but not to the 
power supplies. 
Output 
shorts to either supply 
will 
destroy the device, even for momentary 
connections. 


Output 
shorts 
to 
other 
potential 
sources 
are 
not 
recommended 
as they may cause permanent damage. 


Low bias current 
and high 
impedance 
applications 
may 
require 
the 
addition 
of guard 
rings 
to divert 
leakage 
currents 
away 
from 
the 
BB3554/AD3554's 
input 
terminals. 
The guard 
should 
completely 
sur- 


round the amplifier 
inputs and should be held at the 
same 
potential 
as the 
input 
signal. 
In addition 
to 
blocking 
board leakage currents 
the guard will also 


reduce signal pickup at the inputs. 


In high-frequency 
applications 
the increase in input 
capacitance 
caused by guarding 
may be undesirable. 


However, a small capacitor 
placed across the feed- 


back resistor will compensate 
for the increased input 
capacitance. 


The BB3554/AD3554 
does not require 
heat sinking 


for most light load applications. 
For heavy loads and/ 


or high temperature 
conditions 
a heat sink will 
be 


necessary. 
Table 1 lists some 
representative 
heat- 


sinks for the 8 lead T03 package. 


Table 1. Heat Sinks for BB3554/AD3554 


Manufacturer 
Part # 


Thermalloy 
6002-19 


IERC 
LAIC3B4CB 
HPI-T03-33CB 


AAVID 
5423B,5426B,5327B 
5791,5197B-15 


Ordinarily, 
the heat sink will be in electrical 
contact 


with the case. The case of the BB3554/AD3554 is not 
internally 
connected, 
so the user is free to connect 


the case/heat 
sink to ground, 
to the output 
or to 


simply leave it floating as dictated by the application. 


IERC 
135 W. Magnolia BI. 
Burbank, CA 91502 
(818) 786-1182 


Thermalloy 
PO. Box 34829 
Dallas, TX 75234 
(214) 243-4321 


AAVID Engineering 
One Kool Path 
Box 400 
Laconia, NH 03247 
(603) 524-4443 


Hypertronics 
16 Brent Dr. 
Hudson, MA 01749 
(617) 568-0541 


________ 
General Description 


The 
ICL761X/762X/763X/764X 
family 
of monolithic 


CMOS op amps combine ultra low input current with low 
power operation 
over a wide supply voltage range. With 


pin selectable 
quiescent currents of 10, 100, or 1000 !-LA 
per amplifier, these op amps will operate from ±lV to ±8V 
power supplies, or from single supplies from 2V to 16V. 
The CMOS outputs swing to within millivolts of the supply 
voltages. 


The ultra low bias current of 1 pA makes this family of 
op amps ideal for long time constant integrators, picoam- 
meters, low droop rate sample/hold 
amplifiers and other 


applications where input bias and offset currents are criti- 
cal. A low noise current 
of 0.01 pAl 'I/RZ and an input 


impedance 
of 1012 ohms ensure optimum 
performance 


with very high source impedances in such applications as 
pH meters and photodiode amplifiers. 


Battery Powered Instruments 


Low Leakage Amplifiers 


Long Time Constant Integrators 


Low Frequency Active Filters 


Hearing Aids and Microphone Amplifiers 


Low Droop Rate Sample/Hold 
Amplifiers 


Picoammeters 


~~I~JXI~~I 
Single/Dual/Triple/Quad 
Operational Amplifiers 


• 
Pin-lor Pin 2nd Sourcel 
• 
1 pA Typical 
Bias Current - 4 nA Maximum 
@ 


125°C 
• 
Wide Supply Voltage Range ±1V to ±8V 
• 
Industry Standard Pinouts 
• 
Programmable 
Quiescent 
Currents of 10, 100 and 
1000llA 
• 
Monolithic, Low Power CMOS 
Design 


_______ 
Ordering Information 


ICL76XX 
M 
N 
OP 
~_T~TT 
I 
TEMP. RANGE 
I 
Vos SELECTION 


A=2mV 
B=5mV 
C=10mV 
D=15mV 
E=20mV 


Compensated 
Externally 
Compensated 
Extended 
CMVR 
Offset null 
capability 
Programmable 


{ 


10 
Fixed IQ 
10 
1 
0 


C=O°C to 70°C 
M=-55°C to 
+125°C 


PACKAGE CODE 


TV - 8 PIN TO-99 
PA - 8 PIN 
PLASTIC DIP 
SA - 8 PIN SMALL S.O. 
JD - 14 PIN CERDIP 
PD -14 
PIN 
PLASTIC DIP 
SD - 14 PIN SMALL 5.0. 
JE - 16 PIN CERDIP 
PE -16 
PIN 
PLASTIC DIP 
SE - 16 PIN SMALL S.O. 
WE - 16 PIN WIDE 5.0. 


-0 -0 -0 -0 -0 -0 -0 -0 -0-0 
<'...> <'...> <'...> <'...> 
<'...> <'...> <'...> <'...> 
<'...> <'...> 


6' 6' 6). 6;.; 6' 6' 
6' 6' 
6' 6' 


~~ 
l? 
6' '>~~'0 
"?~ 


X 
X 
X 
X 
X 
X 
X 
X 


X 


X 
X 


X 
X 
X 
X 
X 


IQ 
X 
X 
X 
X 
X 


IlA 
X 


IlA 
X 
X 
X 


mA 
X 


Single/Dual/Triple/Quad 
Operational Amplifiers 


PART 
TEMP. RANGE 
PACKAGE 


ICL761XACPA 
O·C to +70·C 
8 Lead Plastic DIP 


ICL761XACSA 
O·C to +70·C 
8 Lead Slim S.O. 


ICL761XACTV 
O·C to +70·C 
TO-99 Metal Can 


ICL761XAMTV 
-SS·C to +12S·C 
TO-99 Metal Can 


ICL761XBCPA 
O·C to +70·C 
8 Lead Plastic DIP 


ICL761XBCSA 
O·C to +70·C 
8 Lead Slim S.O. 


ICL761XBCTV 
O·C to +70·C 
TO-99 Metal Can 


ICL761XBMTV 
-SS·C to +12S·C 
TO-99 Metal Can 


ICL761XDCPA 
O·C to +70·C 
8 Lead Plastic DIP 


ICL761XDCSA 
O·C to +70·C 
8 Lead Slim S.O. 


ICL761XDCTV 
O·C to +70·C 
TO-99 Metal Can 


ICL761XDC/D 
O·C to +70·C 
Dice 


ICL7621 ACPA 
O·C to +70·C 
8 Lead Plastic DIP 


ICL7621 ACSA 
O·C to +70·C 
8 Lead Slim S.O. 


ICL7621ACTV 
O·C to +70·C 
TO-99 Metal Can 


ICL7621AMTV 
-SS·C to +12S·C 
TO-99 Metal Can 


ICL7621 BCPA 
O·C to +70·C 
8 Lead Plastic DIP 


ICL7621 BCSA 
O·C to +70·C 
8 Lead Slim S.O. 


PART 
TEMP. RANGE 
PACKAGE 


ICL7621 BCTV 
O·C to +70·C 
TO-99 Metal Can 


ICL7621 BMTV 
-SS·C to +12S·C 
TO-99 Metal Can 


ICL7621 DCPA 
O·C to +70·C 
8 Lead Plastic 0 IP 


ICL7621DCSA 
O·C to +70·C 
8 Lead Slim S.O. 


ICL7621DCTV 
O·C to +70·C 
TO-99 Metal Can 


ICL7621 DC/D 
O·C to +70·C 
Dice 


ICL7622ACPD 
O·C to +70·C 
14 Lead Plastic DIP 


ICL7622ACSD 
O·C to +70·C 
14 Lead Slim S.O. 


ICL7622ACJD 
O·C to +70·C 
14 Lead CERDIP 


ICL7622AMJD 
-SS·C to +12S·C 
14 Lead CERDIP 


ICL7622BCPD 
O·C to +70·C 
14 Lead Plastic DIP 


ICL7622BCSA 
O·C to +70·C 
14 Lead Slim S.O. 


ICL7622BCJD 
O·C to +70·C 
14 Lead CERDIP 


ICL7622BMJD 
-SS·C to +12S·C 
14 Lead CERDIP 


ICL7622DCPD 
O·C to +70·C 
14 Lead Plastic DIP 


ICL7622DCSD 
O·C to +70·C 
14 Lead Slim S.O. 


ICL7622DCJD 
O·C to +70·C 
14 Lead CERDIP 


ICL7622DC/D 
O·C to +70·C 
Dice 


Single/Dual/Triple/Quad 
Operational Amplifiers 


ABSOLUTE 
MAXIMUM 
RATINGS' 
-Single& 
Dual 


Total Supply Yoltage y+ to Y- . . 
. 
18Y 


InputYoltage 
. 
Y++0.3 
to Y--0.3Y 


Differential 
Input Yoltage2 
. ±I(Y+ + 0.3) - (Y- -0.3)IY 


Duration of Output Short Circuit3 
Unlimited 


Continuous Power Dissipation 
@ 25°C 
Above 25°C 
derate as follows: 


250mW 
2mW/oC 
250mW 
2mW/oC 
375mW 
3mW/oC 
500mW 
4mW/oC 
375mW 
3mW/oC 
500mW 
4mW/oC 


....... 
-55°C 
to +150oC 


Operating Temperature Range 
M Series 
-55°C 
to +125°C 


C Series. 
. . . . . . . . 
. 
OOCto + 70°C 


Lead Temperature Soldering, 10 sec 
300°C 


Notes: 


1. Stresses above those listed under Absolute Maximum 


Ratings 
may cause 
permanent 
damage 
to the device. 


These 
are stress 
ratings 
only, and functional 
operation 


of the device 
at these 
or any other 
conditions 
above 


those 
indicated 
in the operational 
sections 
of the 
specifications 
is not implied. 
Exposure 
to absolute 
max~ 


imum rating conditions 
for extended 
periods 
may affect 


device 
reliability. 


2. Long term offset voltage stability will be degraded if 


large input differential voltages are applied for long 
periods 
of time. 


3. The outputs may be shorted to ground or to either 
supply 
for 
Vsupp 
:s10V. Care 
must 
be taken 
to insure 


that the dissipation 
rating 
is not exceeded. 


TO-99 Metal Can 
8 Lead Minidip 
14 Lead Plastic 
14 Lead CERDIP 
16 Lead Plastic 
16 Lead CERDIP 


Storage Temperature Range 


ELECTRICAL 
CHARACTERISTICS 
-Single 
& Dual 


(Vsupp = ±1.0V. 10= lO/iA, TA = 250C, unless noted) 


76XXA 
76XXB 
PARAMETER 
SYMBOL 
CONDITIONS 
MIN. 
TYp. 
MAX. 
MIN. 
TYp. 
MAX. 
UNITS 


Input Offset Voltage 
Vos 
RsS: 100ko, TA= 25°C 
2 
5 
mV 
TMIN<TA<TMAX 
3 
7 


Temperature 
Coefficient 
of Vos 
t;.Vos/t;.T 
Rs<100kO 
10 
15 
/iV/DC 


Input Offset Current 
los 
TA= 25°C 
0.5 
30 
0.5 
30 
pA 
OOC<TA<+70oC 
300 
300 


Input Bias Current 
ISlAS 
TA= 25°C 
1.0 
50 
1.0 
50 
pA 
OOC<TA < +70oC 
500 
500 


Common Mode Voltage Range 
VCMR 
-0.4 
+0.6 
-0.4 
+0.6 
V 
(Except 
ICl7612, 
ICl7616) 


Extended 
Common Mode 
VCMR 
+0.6 
+0.6 


Voltage Range (ICL7612 Only) 
to 
to 
V 
-1.1 
-1.1 


Extended 
Common Mode 
VCMR 
10= 
10/iA 
-1.3 
-0.3 
-1.3 
-0.3 
V 
Voltage Range (ICL7616 Only) 


Output Voltage Swing 
Your 
RL = 1Mo, TA= 25°C 
±0.98 
±0.98 
V 
OOC<TA<+70oC 
±0.96 
±0.96 


Large Signal Voltage Gain 
AVOL 
Vo = ±0.1V, RL = 1Mo 
dB 
TA= 25°C 
90 
90 
OOC<TA < + 70°C 
80 
80 


Unity Gain Bandwidth 
Gsw 
0.044 
0.044 
MHz 


Input Resistance 
R'N 
10'2 
10'2 
0 


Common Mode Rejection 
Ratio CMRR 
Rs<100kO 
80 
80 
dB 


Power Supply Rejection 
Ratio 
PSRR 
Rs< 
100kO 
80 
80 
dB 


Input Referred 
Noise Voltage 
en 
Rs = 1000, f = 1kHz 
100 
100 
nV/y'HZ 


Input Referred 
Noise Current 
in 
Rs = 1000, f = 1kHz 
0.01 
0.01 
pNy'HZ 


Supply Current (Per Amplifier) 
Isupp 
No Signal, No Load 
6 
15 
6 
15 
/iA 
Slew Rate 
SR 
AVOL= 1, CL = 100pF, 
0.016 
0.016 
V/1iS 


V,N= 0.2Vp_p 


RL = 1MO 


RiseTime 
tr 
V,N - 50mV, CL - 100pF 
20 
20 
/is 


RL= 1Mo 


Overshoot 
Factor 
V,N= 50mV, CL = 100pF 
5 
5 
% 


RL= 1MO 


III 


Single/Dual/Triple/Quad 
Operational Amplifiers 


ELECTRICAL 
CHARACTERISTICS-Single 
& Dual 


(Vsupp = ±5.0V, TA = 25°C, 
unless noted) 


76XXA 
76XXB 
76XXD 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN. 
TYP. 
MAX. 
MIN. 
TYP. 
MAX. 
MIN. 
TYP. 
MAX. 
UNITS 


Input Offset Voltage 
Vas 
Rs~ 100kn. TA= 25°C 
2 
5 
15 
mV 


TMIN<TA<TMAX 
3 
7 
20 
mV 


Temperature 
Coefficient 
b.Vos/b.T 
Rs~ 
100ko 
10 
15 
25 
f.lVloC 


of Vas 
Input Offset Current 
los 
TA= 25°C 
0.5 
30 
0.5 
30 
0.5 
30 
OOC~TA~+70oC 
300 
300 
300 
pA 


-55OC<TA<+125OC 
800 
800 
800 


Input Bias Current 
ISlAS 
TA= 25°C 
1.0 
50 
1.0 
50 
1.0 
50 
OOC~TA~ + ?OoC 
400 
400 
400 
pA 


-55°C<TA 
< +125°C 
4000 
4000 
4000 


Common Mode 
VCMA 
10= 10f.lA' 
+4.4 
+4.4 
+4.4 
Voltage Range 
-4.0 
-4.0 
-4.0 


(Except 
ICl7612, 
ICl7616) 


10= 100f.lA1 
+4.2 
+4.2 
+4.2 
-4.0 
-4.0 
-4.0 
V 


10=1mA' 
+3.7 
+3.7 
+3.7 
-3.7 
-3.7 
-3.7 


Extended 
Common Mode 
VCMA 
10= 10f.lA 
±5.3 
±5.3 
±5.3 
Voltage Range 
+5.3 
+5.3 
+5.3 
(ICl7612 
Only) 
10= 100f.lA 
-5.1 
-5.1 
-5.1 
V 


10= 1mA 
+5.3 
+5.3 
+5.3 
-4.5 
-4.5 
-4.5 


Extended 
Common Mode 
VCMA 
10= 10f.lA 
-5.3 
-5.3 
-5.3 
Voltage Range 
+3.7 
+3.7 
+3.5 


(ICl7616 
Only) 
-5.1 
-5.1 
-5.1 
10= 100f.lA 
+3.0 
+3.0 
+2.7 
V 


10= 1mA 
-4.5 
+4.5 
-4.5 
+2.0 
+2.0 
+1.7 


Output Voltage Swing 
VOUT 
(1) 10= 10f.lA, RL = 1MO 
TA = 25°C 
±4.9 
±4.9 
±4.9 
OOC~TA~+70oC 
±4.8 
±4.8 
±4.8 


-55°C<TA<+125°C 
±4.7 
±4.7 
±4.7 


10= 100f.lA, RL= 100kO 


TA= 25°C 
±4.9 
±4.9 
±4.9 
V 
OOC~TA~+70oC 
±4.8 
±4.8 
±4.8 
-55°C<TA<+125OC 
±4.5 
±4.5 
±4.5 


(1) 10= 1mA, RL = 10ko 


TA= 25°C 
±4.5 
±4.5 
±4.5 
OOC~TA~ + ?OoC 
±4.3 
±4.3 
±4.3 


-55OC<TA<+125OC 
±4.0 
±4.0 
±4.0 


large 
Signal Voltage Gain 
AVOL 
Vo = ±4.0V, RL = 1Mo 
10= 10f.lA, TA= 25°C 
86 
104 
80 
104 
80 
104 


OOC~TA~ + ?OoC 
80 
75 
75 
-55OC<TA<+125°C 
74 
68 
68 


Vo = ±4.0V, RL = 100kO 
10= 100f.lA, TA= 25°C 
86 
102 
80 
102 
80 
102 
dB 
OOC~TA~+70oC 
80 
75 
75 
-55OC<TA<+125°C 
74 
68 
68 
Vo = ±4.0V, RL = 10kO 
10= 1mA! TA = 25°C 
80 
83 
76 
83 
76 
83 


OOC~TA~+70oC 
76 
72 
72 


-55OC<TA<+125°C 
72 
68 
68 
Unity Gain Bandwidth 
Gsw 
10= 1Of.lA1 
0.044 
0.044 
0.044 


10= 100f.lA 
0.48 
0.48 
0.48 
MHz 


10=1mA1 
1.4 
1.4 
1.4 


Single/Dual/Triple/Quad 
Operational Amplifiers 


ELECTRICAL 
CHARACTERISTICS-Single 
& Dual (Continued) 


(Vsupp= ±5.0V, TA = 25°C, unless noted) 


76XXA 
76XXB 
76XXD 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN. 
TYp. 
MAX. 
MIN. 
TYp. 
MAX. 
MIN. 
TYp. 
MAX. 
UNITS 


Input Resistance 
R1N 
10'2 
10'2 
10'2 
0 


Common Mode Rejection 
CMRR 
Rs:O:;1ookn, 10= 10folA' 
76 
96 
70 
96 
70 
96 
Ratio 
Rs:O:;1OOkO,I0= 1oofolA 
76 
91 
70 
91 
70 
91 
dB 
Rs< 
1ookn, 10= 1mA' 
66 
87 
60 
87 
60 
87 


Power Supply Rejection 
PSRR 
Rs:O:;1ookO.lo 
= 10folA' 
80 
94 
80 
94 
80 
94 
Ratio 
Rs:O:;1ookO, 10= 1oofolA 
80 
86 
80 
86 
80 
86 
dB 
Rs< 
1OOkn,I0 = 1mA' 
70 
77 
70 
77 
70 
77 


Input Referred Noise Voltage 
en 
Rs = 1oon, f = 1kHz 
100 
100 
100 
nVlVHZ 


Input Referred 
Noise Current 
in 
Rs = 1oon, f = 1kHz 
0.01 
0.01 
0.01 
pAJVHZ 


Supply Current 
Isupp 
No Signal, No Load 


(Per Amplifier) 
10= lO!-,A' 
0.01 
0.02 
0.01 
0.02 
0.01 
0.02 
mA 
10= 100!-'A 
0.1 
0.25 
0.1 
0.25 
0.1 
0.25 
10=1mA' 
1.0 
2.5 
1.0 
2.5 
1.0 
2.5 


Channel Separation 
VO,IV02 
Avol = 100 
120 
120 
120 
dB 


Slew Rate2 
SR 
AVOl = 1. Cl = 100pF 
V1N = 8Vp_p 
10= lO!-,A~Rl = 1Mn 
0016 
0.016 
0.016 
VI!-'s 


10= 1oofolA, Rl = 1OOkO 
0.16 
0.16 
0.16 


10= 1mA~ Rl = 10kn 
1.6 
1.6 
1.6 


Rise Time2 
t, 
V1N =50m\/, Cl = 100pF 
10= 10folA~ Rl = 1Mn 
20 
20 
20 


10= 1oofolA, Rl = 100kn 
2 
2 
2 
1-'5 


10= 1mA~ Rl = 10kn 
0.9 
0.9 
0.9 


Overshoot 
Factor2 
V1N = 50m\/, Cl = 100pF 


10= 10folA~ Rl = 1Mn 
5 
5 
5 
% 
10= 1oofolA, Rl = 1ookO 
10 
10 
10 


10= 1mA! Rl = 10kn 
40 
40 
40 


Single/Dual/Triple/Quad 
Operational Amplifiers 


Triple & Quad 


PART 
TEMP. RANGE 
PACKAGE 
PART 
TEMP. RANGE 
PACKAGE 


ICL763XBCPE 
O°C to +70°C 
16 Lead Plastic DIP 
ICL764XBCPD 
O°C to +70°C 
14 Lead Plastic DIP 


ICL763XBCSE 
O°C to +70°C 
16 Lead Slim S.O. 
ICL764XBCWE 
O°C to +70°C 
16 Lead Wide S.O. 


ICL763XCCPE 
O°C to +70°C 
16 Lead Plastic DIP 
ICL764XCCPD 
O°C to +70°C 
14 Lead Plastic DIP 


ICL763XCCSE 
O°C to +70°C 
16 Lead Slim S.O. 
ICL764XCCWE 
O°C to +70°C 
16 Lead Wide S.O. 


ICL763XECPE 
O°C to +70°C 
16 Lead Plastic DIP 
ICL764XECPD 
O°C to +70°C 
14 Lead Plastic DIP 


ICL763XECSE 
O°C to +70°C 
16 Lead Slim S.O. 
ICL764XECWE 
O°C to +70°C 
16 Lead Wide S.O. 


ICL763XBCJE 
O°C to +70°C 
16 Lead CERDIP 
ICL764XBCJD 
O°C to +70°C 
14 Lead CERDIP 


ICL763XCCJE 
O°C to +70°C 
16 Lead CERDIP 
ICL764XCCJD 
O°C to +70°C 
14 Lead CERDIP 


ICL763XECJE 
O°C to +70°C 
16 Lead CERDIP 
ICL764XECJD 
O°C to +70°C 
14 Lead CERDIP 


ICL763XBMJE 
-55°C to +125°C 
16 Lead CERDIP 
ICL764XBMJD 
-55°C to +125°C 
14 Lead CERDIP 


ICL763XCMJE 
-55°C to +125°C 
16 Lead CERDIP 
ICL764XCMJD 
-55°C to +125°C 
14 Lead CERDIP 


ICL763XEC/D 
O°C to +70°C 
Dice 
ICL764XEC/D 
O°C to +70°C 
Dice 


(X abovo is roplacod 
by: 1, 2) 


ABSOLUTE 
MAXIMUM 
RATINGS' 
- Triple & Quad 


Total Supply Yoltage y+ to Y- .. 
. 
18Y 


InputYoltage 
Y++0.3 
to Y--0.3Y 


Differential Input Yoltage2 
.. ±I(Y+ + 0.3) - (Y- - 0.3)IY 


Duration of Output Short Circuit3 
Unlimited 


Continuous Power Dissipation 
@ 25°C 
Above 25°C 
derate as follows: 
250mW 
2mW/oC 
250mW 
2mW/oC 
375mW 
3mW/oC 
500mW 
4mW/oC 
375mW 
3mW/oC 
500mW 
4mW/oC 


....... 
-55°C 
to +1500C 


TO-99 Metal Can 
8 Lead Minidip 
14 Lead Plastic 
14 Lead CERDIP 
16 Lead Plastic 
16 Lead CERDIP 


Storage Temperature Range 


ELECTRICAL 
CHARACTERISTICS- 
Triple & Quad 


(Vsupp = ±1.0V, 10 = 10"A, 
TA = 250C, unless noted) 


Specs apply to ICL7631/7632/7642 
only. 


Single/Dual/Triple/Quad 


Operational Amplifiers 


Operating Temperature Range 
MSeries. 
. 
-550C 
to +125°C 


C Series. 
. 
OOCto + 70°C 


Lead Temperature Soldering, 10 see. 
. .. 300°C 


Notes: 


1. Stresses 
above 
those 
listed 
under 
Absolute 
Maximum 


Ratings 
may cause 
permanent 
damage 
to the device. 


These 
are stress 
ratings 
only, and functional 
operation 


of the device 
at these or any other 
conditions 
above 


those 
indicated 
in the operational 
sections 
of the 


specifications 
is not implied. 
Exposure 
to absolute 
max- 
imum rating 
conditions 
for extended 
periods 
may affect 


device 
reliability. 


2. Long term offset voltage stability will be degraded if 
large input 
differential 
voltages 
are applied 
for long 


periods 
of time. 


3. The outputs may be shorted to ground or to either 


supply 
for 
vsupp 
.::::10V.Care 
must 
be taken 
to insure 


that the dissipation 
rating 
is not exceeded. 


76XXB 
76XXC 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN. 
TYp. 
MAX. 
MIN. 
TYp. 
MAX. 
UNITS 


Input Offset Voltage 
Vos 
Rs:S 100ko, TA= 25°C 
5 
10 
mV 
TMIN<TA<TMAX 
7 
12 


Temperature 
Coefficient 
of Vos 
l:Nos/f::,T 
Rs< 
100ko 
15 
20 
IN/oC 


Input Offset Current 
los 
TA= 25°C 
0.5 
30 
0.5 
30 
pA 
OOC<TA<+70oC 
300 
300 


Input Bias Current 
ISlAS 
TA= 25°C 
1.0 
50 
1.0 
50 
pA 
OOC<TA < +70oC 
500 
500 


Common Mode Voltage Range 
VCMA 
-0.4 
+0.6 
-0.4 
+0.6 
V 


Output Voltage Swing 
VOUT 
RL = 1MO, TA= 25°C 
±0.98 
±0.98 
V 
OOC<TA<+70oC 
±0.96 
±0.96 


Large Signal Voltage Gain 
AVOL 
Vo = ±0.1V, RL = 1MO 
dB 
TA= 25°C 
90 
90 


OOC:STA:S +70oC 
80 
80 


Unity Gain Bandwidth 
Gsw 
0.044 
0.044 
MHz 


Input Resistance 
RIN 
10'2 
10'2 
0 
Common Mode Rejection Ratio 
CMRR 
Rs< 
1ooko 
80 
80 
dB 


Power Supply Rejection 
Ratio 
PSRR 
80 
80 
dB 
Input Referred 
Noise Voltage 
en 
Rs = 1000, f = 1kHz 
100 
100 
nV/y'Hi 


Input Referred 
Noise Current 
in 
Rs = 1000, f = 1kHz 
0.01 
0.01 
pA/y'Hi 


Supply Current (Per Amplifier) 
ISU?? 
No Signal, No Load 
6 
15 
6 
15 
pA 


Channel Separation 
V011V02 
AvoL= 
100 
120 
120 
dB 


Slew Rate 
SR 
AVOL= 1, CL = 1OOpF, 
0.016 
0.016 
VlIJ-S 


VIN = 0.2Vp_p 


RL=1MO 


RiseTime 
t, 
VIN = 50mV, CL = 100pF 
20 
20 
IJ-S 


RL= 1Mo 
Overshoot 
Factor 
VIN - 50mV, CL - 
100pF 
5 
5 
% 


RL= 1Mo 


Single/Dual/Triple/Quad 
Operational Amplifiers 


ELECTRICAL 
CHARACTERISTICS 
- Triple & Quad 


(Vsupp = ±5.0V, TA = 25°C, 
unless noted) 


76XXB 
76XXC 
76XXE 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN. 
TYp. 
MAX. 
MIN. 
TYp. 
MAX. 
MIN. 
TYp. 
MAX. 
UNITS 


Input Offset Voltage 
Vas 
Rs~ 100kn, TA= 25°C 
5 
10 
20 
mV 


TMIN<TA<TMAX 
7 
15 
25 
mV 


Temperature Coefficient 
fWoslt!.T 
Rs~ 100kO 
15 
20 
30 
IlVloC 


01Vas 
Input Offset Current 
los 
TA= 25°C 
0.5 
30 
0.5 
30 
0.5 
30 


OOC~TA~+70oC 
300 
300 
300 
pA 


-55°C<TA<+125°C 
800 
800 
800 


Input Bias Current 
ISlAS 
TA= 25°C 
1.0 
50 
10 
50 
1.0 
50 
OOC~TA~+70oC 
500 
500 
500 
pA 


-55OC<TA<+125OC 
4000 
4000 
4000 


Common Mode 
VCMR 
10 = 10p.A' 
+4.4 
+4.4 
+4.4 
Voltage Range 
-4.0 
-4.0 
-4.0 


10 = 100p.A3 
+4.2 
+4.2 
+4.2 
V 
-4.0 
-4.0 
-4.0 


10 = 1mA2 
+3.7 
+3.7 
+3.7 
-3.7 
-37 
-37 


Output Voltage Swing 
VOUT 
(1) 10 = 10IlA, RL= 1Mn 


TA= 25°C 
±4.9 
±4.9 
±4.9 
OOC~TA~+70oC 
±4.8 
±4.8 
±4.8 


-55°C<TA 
< +125OC ±4.7 
±4.7 
±4.7 


10 = 100p.A,RL= 100kO 
(3) 
TA= 25°C 
±4.9 
±4.9 
±4.9 
V 
OOC~TA~+70oC 
±4.8 
±>I.8 
±4.8 


-550C<TA 
< +125°C 
±4.5 
±4.5 
±4.5 


(2) 10 = 1mA. RL= 10kO 


TA= 25°C 
±4.5 
±4.5 
±4.5 
OOC~TA~+70°C 
±4.3 
±4.3 
±4.3 
-550C<TA 
< +125°C 
±4.0 
±4.0 
±4.0 
Large Signal Voltage Gain 
AVOL 
Va = ±4.0V, RL = 1Mn' 
10 = 10p.A~TA= 25°C 
86 
104 
80 
104 
80 
104 
OOC~TA~+70°C 
80 
75 
75 
-550C<TA 
< +125OC 
74 
68 
68 
Va = ±4.0V, RL 
10 = 100p.A.TA= 25°C 
86 
102 
80 
102 
80 
102 
dB 
OOC~TA~+70°C 
80 
75 
75 


-55°C<TA 
< +125°C 
74 
68 
68 


Va = ±4.0V, RL= 10kn2 


10 = 1mA! TA= 25°C 
86 
98 
80 
98 
80 
98 


OOC~TA~+70oC 
80 
75 
75 
-550C<TA 
< +125°C 
74 
68 
68 
Unity Gain Bandwidth 
Gsw 
10 - 
10p.A' 
0044 
0.044 
0.044 


10 = 100p.A3 
0.48 
0.48 
0.48 
MHz 


10 = 1mA2 
1.4 
1.4 
1.4 


Input Resistance 
R'N 
10'2 
10.2 
10'2 
n 


Common Mode Rejection 
CMRR 
Rs ~ 100kn, 10 = 10p.A' 76 
96 
70 
96 
70 
96 


Ratio 
Rs~100kn.lo 
= 100p.A 
76 
91 
70 
91 
70 
91 
dB 
Rs < 100kn. 10 = 1mA2 
66 
87 
60 
87 
60 
87 


Power Supply Rejection 
PSRR 
Rs~ 100kll, 10 = 1OllA' 
80 
94 
80 
94 
80 
94 


Ratio 
Rs~ 100kll,Io = 100IlA 
80 
86 
80 
86 
80 
86 
dB 


Rs < 100k!l, 10 = 1mA2 
70 
77 
70 
77 
70 
77 


Note 
1: Does nol apply 
to 7641 


Note 2: Do!':') no! apply to 7642 
Note 3: ICl7b31/32 
only 


Note 4: 
DOl:" nf)1 OJrmly 10 7&32 


Single/Dual/Triple/Quad 
Operational Amplifiers 


ELECTRICAL 
CHARACTERISTICS 
- Triple & Quad 
(Continued) 


(VsuPP= ±5.0V, TA = 25°C, 
unless noted) 


76XXB 
76XXC 
76XXE 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN. 
TYP. 
MAX. 
MIN. 
TYP. 
MAX. 
MIN. 
TYp. 
MAX. 
UNITS 


Input Referred Noise Voltage 
en 
Rs = 1000. f = 1kHz 
100 
100 
100 
nV/y'HZ 


Input Referred 
Noise Current 
in 
RS = 1000. f = 1kHz 
0.01 
0.01 
0.01 
pAly'HZ 


Supply Current 
Isupp 
No Signal. No Load 


(Per Amplifier) 
10= 10/lA' 
0.01 
0.022 
0.01 
0.022 
0.01 
0.022 
mA 
10= 100ilA 
0.1 
0.25 
0.1 
0.25 
0.1 
0.25 


10= 1mA2 
1.0 
2.5 
1.0 
2.5 
1.0 
2.5 


Channel Separation 
VO,IV02 
AvoL = 100 
120 
120 
120 
dB 


Slew Rate' 
SR 
AVOL= 1. CL = 100pF 


V'N = avp.p 


10= 101lA~ RL = 1MO 
0.016 
0.016 
0.016 
VlIlS 


10= 100/lA. RL= 100kO 
0.16 
0.16 
0.16 
10= 1mA~ RL = 10k02 
1.6 
1.6 
1.6 
Rise Time' 
t, 
V'N = 50mV, CL= 100pF 
10= 1O/lA~ RL = 1Mo 
20 
20 
20 
10= 100/lA. RL= 100kn 
2 
2 
2 
IlS 


10= 1mA~ RL = 10kn 
0.9 
0.9 
0.9 


Overshoot 
Factor' 
V'N = 50mV, CL = 100pF 
10= 101lA! RL = 1Mo 
5 
5 
5 
% 
10= 100/lA. RL= 100ko 
10 
10 
10 
10= 1mA~ RL = 10kn 
40 
40 
40 


Note 
1: Does 
not apply 
to 7641. 


Note 
2: 
Does 
not apply 
to 7642. 


Note 
3: 
ICL7631/32 
only. 


Note 
4: 
Does 
not apply 
to 7632. 


MAXIMUM 
PEAK·TO·PEAK 
VOLTAGE 
AS A FUNCTION 
OF 
FREE·AIR 
TEMPERATURE 


MAXIMUM 
PEAK·TO·PEAK 
OUTPUT 
VOLTAGE 
AS A 
FUNCTION 
OF SUPPLY VOLTAGE 


Single/Dual/Triple/Quad 
Operational Amplifiers 


POWER SUPPLY REJECTION 
RATIO AS A FUNCTION 
OF 
FREE-AIR 
TEMPERATURE 


"-15 
-so 
-25 
0 
.25 
+50 
+75 
+100 
+125 


FREE·AIR 
TEMPERATURE 
_·C 


LARGE SIGNAL 
DIFFERENTIAL 
VOLTAGE GAIN AND PHASE 
SHIFT 
AS A FUNCTION 
OF FREQUENCY 


~ 
2. 
x 
0 
~ 
100 


LARGE SIGNAL 
DIFFERENTIAL 
VOLTAGE GAIN AS A FUNCTION 


OF FREE-AIR 
TEMPERATURE 


, 
-75 
-so 
-25 
0 
·25 
.SO 
+15 ·'00 
.125 


FREE·AIR 
TEMPERATURE 
_·C 


MAXIMUM 
OUTPUT 
SINK CURRENT 
AS A 
FUNCTION 
OF SUPPLY VOLTAGE 


Single/Dual/Triple/Quad 
Operational Amplifiers 


o 
~400 
~ 
::::300 
~ 


~200 


" 
~ 100 


§ 
0 


'0 


COMMON 
MODE 
REJECTION 
RATIO AS A FUNCTION 
OF FREE-AIR 
TEMPERATURE 


>0. 
~ 


Vsu.., 
•• 10\1 
",. 


10'" 
lo.,A 


0 
~ 
95 


is 
90i•• 


0~•• 
is~ 
8 7. 
-15 
-50 
-2S 
'2S 
-5. 
_15 
-'00 


FREE-AIR 
TEMPERATURE 
_·C 


SUPPLY CURRENT 
PER 
AMPLIFIER 
AS A FUNCTION 
OF 
FREE-AIR 
TEMP~RATURE 


>t: 
1,,= lo,.A 


~ 
10 


MAXIMUM 
PEAK-TO-PEAK 
OUTPUT 
VOLTAGE 
AS A FUNCTION 
OF 
LOAD 
RESISTANCE 


MAXIMUM 
OUTPUT/SOURCE 
CURRENT 
AS A FUNCTION 
OF SUPPLY VOLTAGE 


VSuPP 
•. IOVOl.TS 


TA 
•• 25C 


1o=1mA 


Vsu,.,. 
•. IOV 


Your 
.• v- 
A"'a 
•.$fIll" 


~ 
2 


~ 
0 


~ 
0.1 


Single/Dual/Triple/Quad 
Operational Amplifiers 


VS\.Ipp- 
IOV 


AL 
lOOk 


CL 
.10001F 


fA 
i25C 


VS\iH,,'OV 


AL 
"1M 
CL -l00pF 
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______ 
-,-_,Detailed Description 


Quiescent 
Current 
Selection 


The voltage 
input to the 10 pin of the single and triple 
amplifiers 
selects a quiescent 
current (loJ of 10. 100 or 
1000 f.LA,The dual and quad amplifiers 
have fixed quies- 
cent current (loJ settings, Unity gain bandwidth and slew 
rate increase with increasing quiescent current, as does 
output sink current capability 
The output source current 
capability is independent 
of quiescent current 


The lowest 10 setting that results in sufficient 
bandwidth 
and slew rate should be selected for each specific appli- 
cation, 


The 10 pin of the single and triple amplifiers controls the 
quiescent current as follows: 


10= 
10f.LA..... 
lopintoV+ 
10= 100f.LA. 
. .10 pin between V- +0.8V and V+ -0.8V 
10= 
1 mA. 
.lopintoV- 


Input Offset Nulling 


The input offset can be nulled by connecting 
a 25K pot 


between the OFFSET terminals with the wiper connected 
to V+ At quiescent currents of 1 mA and 100 f.LA,the nulling 
range provided 
is adequate for all Vas selections. 
How- 


ever with higher values of Vas. and an 10 of 10 f-LA.nulling 
may not be possible. 


Frequency 
Compensation 


All of the ICL7611 and ICL7621 Series except the ICL7614 
are internally compensated 
for unity gain operation. The 


ICL7614 is externally 
compensated 
by a capacitor 
con- 


nected between CaMP and OUT pins, with 39 pF being 
sufficient 
compensation 
for a unity gain buffer. For gains 


greater than unity, the compensation 
capacitor value may 


be reduced to increase the bandwidth and slew rate. 


Output Loading Considerations 


Approximately 
70% of the amplifier's 
quiescent 
current 
flows in the output stage. The output swing can approach 
the supply 
rails for output 
loads of 1M, 100k and 10k, 
using the output stage in a highly linear class A mode. 
Crossover distortion 
is avoided and the voltage gain is 
maximized in this mode. The output stage, however, can 
also be operated in Class AB, which supplies higher out- 
put currents. (See graphs under Typical Operating Char- 
acteristics). The voltage gain decreases and the output 
transfer characteristic 
is non-linear 
during the transition 
from Class A to Class B operation. 


The output stage, with a gain that is directly 
proportional 
to load impedance, 
approximates 
a transconductance 
amplifier. Approximately 
the same open loop gains are 
obtained at each of the 10 settings if corresponding 
loads 
of 10k, 100k, and 1M are used. 


The maximum output source current 
is higher than the 
maximum sink current, and is independent 
of 10. 


Like most amplifiers, there are output loads for which the 
amplifier 
stability 
is not guaranteed. 
In particular, avoid 
capacitive 
loads greater than 100 pF; and while on the 
1mA 10 setting, 
avoid loads less than 5 kO. Since the 
output 
stage is a transconductance 
output, 
very large 


(>10 /LF)capacitive loads will create a dominant pole and 
the output will be stable, even with loads that are less 
than 5 ko. 
Extended Common Mode Voltage Range, 
ICL7612 and ICL7616 


A common mode voltage range that includes both V+ and 
V- 
is often desirable, 
especially 
in single supply opera- 
tion. The ICL7612 and ICL7616 extended common mode 
range op amps are designed 
specifically 
to meet this 
need. The ICL7612 input common 
mode voltage 
range 
(CMVR) extends 
beyond both power supply rails when 
operated with at least 3V total supply and an 10 of 10iLA 
or 1ooiLA.The ICL7616 CMVR includes the negative sup- 
ply voltage (or ground when operated with a single supply) 
at an 10 of 10iLAor 100iLA. 


Figure 1. Instrumentation 
Amplifier-Adjust 
R3 to improve CMRR. 
The 
offset 
of all three amplifiers 
is nulled 
by the offset 
ad;ustment 
ofA2. 


Single/Dual/Triple/Quad 
Operational Amplifiers 


Printed Circuit Board Layout 


Careful PCB layout techniques 
must be used to take full 
advantage of the very low bias current 
of the ICL7611 
family. The inputs should be encircled 
with a low impe- 
dance trace, or guard, that is at the same potential as the 
inputs. In an inverting 
amplifier 
this is normally ground; 


in a unity gain buffer connect the guard to the oupul. A 
convenient 
way of guarding the 8 pin TO-99 version of 
the ICL7611 is to use a 10 pin circle, with the two extra 
pads on either side of the input pins to provide space for 
a guard ring (see Figure 8). Assembled boards should be 
carefully cleaned, and if a high humidity 
environment 
is 
expected, conformally coated. 
Single Supply Operation 


The ICL7611 family will operate from a single 2V to 16V 
power supply. The common 
mode voltage range of the 
standard amplifier types when operated from a single sup- 
ply is 1.0V to (V+ - 
0.6V) at 10 iLA 10. At 100 iLA 10 the 
CMVR is 1.0V to (V+ - 
O.8V),and at 1 mA 10 the CMVR is 
1.3V to (V+ - 
1.3V). If this CMVR range is insufficient, 
use 
the ICL7612, whose CMVR includes both ground and V,+ 
or the ICL7616, whose CMVR includes ground. 


A convenient 
way to generate a psuedo-ground 
at V+/2 
is to use one op amp of a quad to buffer a V+/2 voltage 
from a high impedance resistive divider. 


Low Voltage Operation 


Operation 
at Vsupp = ±1.0V is only guaranteed 
at 10 = 
10 /LA. Output 
swings to within 
a few millivolts 
of the 
supply rails are achievable for RL (> or =) 1 MO. Guaran- 
teed input CMVR is ±0.6V minimum and typically 
+0.9V 
to -0.7V 
at Vsupp = ±1.0V For applications where greater 
common mode range is desirable, refer to description 
of 
ICL7612 and ICL7616 above. 


_________ 
~.Applications 


Note that in no case is 10 shown. The value of 10 must be 
chosen by the designer with regard to frequency response 
and power dissipation. 
- 
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Figure 9. Low Droop 
Rate Sample 
& Hold - S2 improves 
accuracy 
and 
acquisition 
time by including 
the voltage drop across S1 inside the feed· 
back loop. 
RI closes 
the feedback 
loop of AI during 
the hold phase. 


The 
droop 
rate 
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Figure 
10. Long Time Constant 
Integrator-With 
RIN= 
10" ohm, the 


time constanta! 
this integrator 
is 100,000 
seconds. Since the input 
voltage is converted 
to a current by Rm. the input voltage can far exceed 


the power 
supply 
voltage. 


Figure 11. PicoAmmeter- 
The response time of this circuit is RFB x CFB• 


where CFB is the stray capacitance 
between 
the output and the inverting 


terminal 
of the amplifier. 
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Figure 12. 60 Hz Twin "T" Notch 
Filter- 
The low. 1pA bias current 
of the 


ICL7611 allows 
use of small 540 pF and 270 pF capacitors, 
even with a 


notch 
frequency 
of 60 Hz. The 60 Hz rejection 
is approximately 
40 dB. 
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________ 
Genera' 
Description 


The Maxim ICL7650 is a chopper-stabilized amplifier, ideal 
for low-level signal processing applications. Featuring high 
performance and versatility, this device combines low input 
offset voltage, low input bias current, wide bandwidth and 
exceptionally low drift over time and temperature. Low offset 
is achieved through a nUlling scheme that provides con- 
tinuous error correction. A nulling amplifier alternately nulls 
itself and the main amplifier. The result is an input offset 
voltage that is held to a minimum over the entire operating 
temperature range. 


The ICL7650B is an exact replacement 
for the Intersil 
ICL7650B. This device has a maximum offset voltage of 
10,.N, 
a maximum input offset voltage temperature coef- 


ficient ofO.1l-'VloC, and a maximum bias current of 20 pA; all 
specified over the commercial temperature range. 


A 14 lead version is available which can be used with either 
an internal or external clock. The 14 lead version has an 
output voltage clamp circuit to minimize overload recovery 
time. 


___________ 
App'ications 


Thermocouples 
Thermistors 
Strain Gauges 


Condition Amplifier 
Precision Amplifier 
Instrumentation Amplifier 


~~I~JXI~~I 
Chopper Stabilized 
Operational 
Amplifier 


.__ 
_ 
Features 


• 
Improved 2nd Sourcel (See 3rd page for 
"Maxim Advantage'""). 


• Lower Supply Current: 2.0 mA 


• Low Offset Voltage: 1 fJ.V 


• No Offset Voltage Trimming Needed 


• High Gain, CMRR and PSRR (120 dB min) 


• Lower Offset Drift With Time and Temperature 


• Extended Common Mode Voltage Range 


• Low DC Input Bias Current: 10 pA 


• Monolithic, Low Power CMOS Design 


PART 
TEMP. RANGE 
PACKAGE 


ICl7650CPD 
O°C to +70°C 
14 lead 
Plastic 
DIP 


ICl7650CSD 
O°C to +70°C 
14 lead 
Slim S.O. 


ICl7650lJD 
-20°C 
to +85°C 
14 lead 
CERDIP 


ICl7650MJD 
-55°C 
to +125°C 
14 lead 
CERDJP 


ICl7650CPA-1 
O°C to +70°C 
8 lead 
Plastic 
DIP 


ICl7650CSA-1 
O°C to +70°C 
8 lead 
Slim S.O. 


ICl7650CTV-1 
O°C to +70°C 
8 lead 
TO-99 Metal Can 


ICl76501JA-1 
-20°C to +85°C 
8 lead 
CERDIP 


ICl7650MTV-1 
-55°C 
to +125°C 
8 lead 
CERDIP 


ICl7650C/D 
O°C to +70°C 
Dice 


ICl7650BCPD 
O°C to +70°C 
14 lead 
Plastic 
DJP 


ICl7650BCSD 
O°C to +70°C 
14 lead 
Slim S.O. 


ICl7650BCPA-1 
O°C to +70°C 
8 lead 
Plastic 
DIP 


ICl7650BCSA-1 
O°C to +70°C 
8 lead 
Slim S.O. 


ICl7650BCTV-1 
O°C to +70°C 
8 lead 
TO-99 Metal Can 


ICl7650BC/D 
O°C to +70°C 
Dice 


Inverting 
Amplifier 
with Optional 
Clamp 


(Detailed 
Circuit 
Diagram-Figure 
5) 


The "Maxim Advantage'"" signifies an upgraded quality level. At no additional cost we offer a second-source device that is subject to the 
following: 
guaranteed 
performance 
over temperature 
along with tighter 
test specifications 
on many key parameters; 
and device 
enhancements, when needed, that result in improved performance without changing the functionality. 


Chopper Stabi'ized 
Operational Amp.ifier 


ABSOLUTE 
MAXIMUM 
RATINGS 


Total Supply 
Voltage 
(V· to V-) 
18Volts 
Input Voltage 
(V· + 0.3) to (V- - 0.3) Volts 
Storage 
Temp. 
Range 
-65°C 
to 160°C 
Operating 
Temp. 
Range 
See Note 
1 
Lead Temperature 
(Soldering, 
10 see) 
300°C 
Voltage 
on oscillator 
control 
pins 
V· to V- 


except 
EXT CLOCK 
IN: 
(V· + 0.3) to (V· - 6.0) Volts 
Duration 
of Output 
short 
circuit 
Indefinite 
Current 
into any pin 
10mA 
-while 
operating 
(Note 4) 
100iJA 


Cont. 
Total Power 
Dissipation 
(TA = 25°C) 


CERDIP 
Package 
500mW 


Plastic 
Package 
375mW 


TO-99 
Metal Can 
250mW 


Small 
Outline 
350mW 


Stresses 
above those listed under "Absolute 
Maximum 
Ratings" 
may cause 


permanent 
damage 
to the device. 
These 
are stress 
ratings only and functional 


operation 
of the device 
at these or any other conditions 
above those indicated 


in the operational 
sections 
of the specifications 
is not implied. 
Exposure 
to 


absolute 
maximum 
rating conditions 
for extended 
periods 
may affect device 


reliability. 


ELECTRICAL 
CHARACTERISTICS 
-ICL7650 
(V· = +5V, v- = -5V. T A = 25° C. Test Circuit. 
Unless 
Noted) 


LIMITS 
PARAMETER 
SYMBOL 
TEST 
CONDITIONS 
MIN. 
TYP. 
MAX. 
UNIT 


Input Offset 
Voltage 
Vas 
TA = 
+25°C 
±0.7 
±5 


-55°C 
< TA < +85°C 
±1.0 
JJ.V 


- 55°C < TA < + 125°C 
5.0 


Average 
Temp. 
Coefficient 
Ii Vas 
-20°C 
< TA < +85°C 
0.01 
0.05 
JJ.V/"C 
01 Input Offset 
Voltage 
liT 
50 


Input Bias Current 
IB'AS 
TA = 
+25°C 
1.5 
10 
(doubles 
every 
10°C) 
O°C < TA < + 70°C 
35 
pA 


-20°C 
< TA < +85°C 
100 


Input Offset 
Current 
los 
TA = 25°C 
0.5 
pA 


Input Resistance 
R'N 
10'2 
n 


Large 
Signal 
Voltage 
Gain 
AVOL 
RL = 10kn 
1><106 
5>< 106 
VIV 


Output 
Voltage 
SWing 
VOUT 
RL = 10kn 
±4.7 
±4.85 
V 
(Note 3) 
RL = 100kn 
±4.95 


Common 
Mode 
Voltage 
Range 
CMVR 
-5.0 
-5.2 
to 
+2.0 
1.6 
V 


Common 
Mode 
Rejection 
Ratio 
CMRR 
CMVR 
= 
-5V 
to +1.6 
120 
130 
dB 


Power 
Supply 
Rejection 
Ratio 
PSRR 
±3V 
to ±8V 
120 
130 
dB 


Input Noise 
Voltage 
enp_p 
Rs = 100n 
2 
JJ.Vp-p 


~. 
o to 10Hz 


Input Noise 
Current 
.-- 
In 
I = 10Hz 
0.01 
pAlVHZ 


Unity Gain 
Bandwidth 
GBW 
2.0 
MHz 


Slow 
Rate 
SR 
CL = 50pF, 
RL = 10kn 
2.5 
V/JJ.s 


Rise Time 
t, 
0.2 
JJ.s 


Overshoot 
20 
% 


Operating 
Supply 
Range 
V+ 
to V- 
4.5 
16 
V 


Supply 
Current 
Isupp 
no load 
2.0 
3.5 
mA 


Internal 
Chopping 
Frequency 
leh 
pins 
12-14 
open 
(DIP) 
120 
200 
375 
Hz 


Clamp 
ON Current 
(note 
2) 
RL = 100kn 
25 
70 
200 
JJ.A 


Clamp 
OFF 
Current 
(note 
2) 
-4.0V 
< VOUT < +4.0V 
1 
pA 


Offset 
Voltage 
vs Time 
100 
nV/Ymonth 


NOTE 1: Operating 
temperature 
range for M series parts is ~ 55°C to + 125°C, 
for I series is - 20°C to + 85°C, 
for C series is O°C to + 70°C 


NOTE 2: See OUTPUT 
CLAMP under detailed 
description. 


NOTE 
3: OUTPUT 
CLAMP 
not connected. 
See typical characteristic 
curves for output swing vs clamp current characteristics. 


NOTE 
4: Limiting input current to 100J.LA is recommended 
to avoid latch-up 
problems. 
Typically 
1mA is safe, however 
this is not guaranteed. 


NOTE 5: los = 2. 
16•."s 


The electrical characteristics above are a reproduction of a portion of Intersil's copyrighted (1983/1984) data book. This information does 
not constitute any representation by Maxim that Intersil's products will perform in accordance with these specifications. 
The "Electrical 


Characteristics 
Table" along with descriptive excerpts from the original manufacturer's data sheet have been included in this data sheet 


solely for comparative purposes. 
5-66 
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Chopper Stabilized Operational Amplifier 


• Characterized 
over Military Temperature 
Range 


• Significantly 
Enhanced "ESO" Protection 
(Note 6) 


• 
Maxim Quality and Reliability 


• 
Lower Supply Current 


• 
Key Parameters Guaranteed over Temperature 


• 
Extended Common Mode Voltage Range 


ABSOLUTE 
MAXIMUM 
RATINGS 
This device conforms to the Absolute Maximum Ratings on adjacent page. 


ELECTRICAL 
CHARACTERISTICS 
The ICL7650 specifications 
below satisly 
or exceed all "tested" 
parameters 
on 
adjacent page. (V' = +5V, V- = -5V, TA = 25° C, Test Circuit, unless Noted.) 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


TA = +25°C, ICL7650 
±0.7 
±50 
JJV 
TA = +25°C, ICL7650B 
±1.0 
±10 
JJV 


Input Offset Voltage 
Vas 
O°C '" TA '" +70°C, ICL7650 (Note 7) 
±1.0 
±10 
JJV 


-20°C ",TA"'+85°C, 
ICL7650(Note7) 
±1.0 
±10 
JJV 


-55° C '" TA'" +125° C, ICL7650 (Note 7) 
±10 
±50 
JJV 


Average Temperature 
O°C '" TA'" +70°C, ICL7650 
0.01 
0.05 
JJVloC 


Coefficient 
01 
O°C '" TA '" +70°C, ICL7650B 
0.01 
0.1 
JJVloC 


Input Offset Voltage 
.:.vos 
-20°C",TA"'+85°C,ICL7650 
----- 
0.01 
0.05 
JJVloC 


_55° C '" TA'" +85° C, ICL7650 
0.01 
0.05 
JJVloC 
(Note 7) 
AT 
+85° C '" TA'" +125° C, ICL7650 
0,25 
1.5 
JJVloC 


TA = +25°C, ICL7650 
4 
10 
pA 
TA = +25°C, ICL7650B 
12 
20 
pA 
Input Bias Current 
Is 
- 
O°C", TA '" +70°C 
20 
100 
pA 
-20°C", 
TA'" +85°C 
50 
200 
pA 
-55°C", 
TA '" +125°C 
0.3 
10 
nA 


Input Resistance 
R'N 
10'2 
0 


RL = 10kO TA = +25°C 
1 x 106 
5 X 106 
VIV 


Large Signal Vollage Gain 
AVOL 
O°C '" TA",+70°C 
0.5 x 106 
VlV 
-20°C", 
TA '" +85°C 
0.5 x 106 
VlV 


-55°C < TA < +125°C 
0.2 x 106 
VIV 


Output Voltage Swing 
Your 
RL = 10kfl 
±4.7 
±4.85 
V 
(Note 3) 
RL = 100kO 
±4.95 


Common 
Mode Voltage 
O°C '" TA '" +70°C 
-5.0 
-5,2103.0 
2.5 
V 


Range 
CMVR 
-20°C", 
TA'" +85°C 
-5,0 
-5.2103.0 
2.5 
V 


-55°C", 
TA'" +125°C 
-4.5 
-4.8 to 3.0 
2.5 
V 


Common 
Mode Rejection Ratio 
CMRR 
CMVR = -5V 10+2.5V 
120 
130 
dB 


Power Supply Rejection Ratio 
PSRR 
±3V to ±8V 
120 
130 
dB 


Rs = 1000 
2 
JJVp-P 
Input Noise Voltage 
enp_p 
a to 10Hz 


Input Noise Current 
in 
I = 10Hz 
0.01 
pNvHZ 


Unity Gain Bandwidth 
GBW 
2.0 
MHz 


Slew Rate 
SR 
CL = 50pF, RL = 10kfl 
2.5 
VlJJs 


Rise Time 
tr 
0.2 
JJS 


Overshoot 
20 
% 


Operating 
Supply Range 
V'toV- 
4.5 
16 
V 


Supply Currenl 
Isupp 
no load 
1.2 
2.0 
mA 


Internal Chopping 
Frequency 
ICLKour 
pins 13 and 14 open (DIP) 
120 
200 
375 
Hz 
- 


Clamp ON Current (Note 2) 
RL = 100kfl 
25 
70 
200 
JJA 


Clamp OFF Current (Note 2) 
-4.0V'" 
Your '" +4.0V 
1 
pA 


Ollset Voltage vs Time 
100 
nVlVmonth 


NOTE 1: Operating 
temperature 
range for M series parts is - 55°C to + 125°C, for I series is - 20"C to + 85°C, for C series is DOG to + 70°C 


NOTE2: See OUTPUTCLAMPunderdetaileddescription. 
NOTE 3: OUTPUT 
CLAMP 
not connected. 
See typical characteristic 
curves for output swing vs clamp current characteristics. 


NOTE 4: Umiling. input current to l00",A 
is recommended 
to avoid latch-up 
problems. Typically 
lmA 
is safe, however this is not guaranteed. 


NOTE5: los = 2 • I"AS 
NOTE6: Ali pins are designedto withstandelectrostaticdischarge(ESD)levelsin excessof 2000V(Mil Std 8838 Method3015.1TestCircuit) 
NOTE 7: Sample 
tested. 
Limits 
are not used to calculate 
outgoing 
quality 
level. 
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________ 
Detai'ed Description 


Amplifier 


Figure 2 shows the major elements of the ICL7650. Two 
amplifiers are illustrated, the main amplifier and the nulling 
amplifier, both have offset-null capability. The main amplifier 
is connected full-time from the input to the output. The nulling 
amplifier, under the control of the chopping frequency oscil- 
lator and clock circuit, alternately nulls itself and the main 
amplifier. The nulling arrangement, which is independent of 
the output level, operates over the full power supply and 
common mode ranges. This device exhibits an exceptionally 
high CMRR, PSRR and /\'0'.' The nulling connections, which 
are MOSFET back gates, have inherently high impedance. 
The two external capacitors provide the required storage of 
the nulling potentials and the necessary nulling-loop time 
constants. 


The chopper frequency charge injection at the input terminals 
is minimized by careful balance of the input switches. The 
feed forward-type injection into the compensation capacitor is 
also minimized. This is the main cause of spikes at the output 
in this type of circuit. 


Output Clamp 


The clamp reduces overload recovery time inherent with 
chopper-stabilized amplifiers. When tied to the summing 
junction, or inverting input pin, a current path between this 
point and the output occurs just before the output device 
saturates. This prevents uncontrolled input differential and 
the consequent charge build-up on the correction-storage 
capacitors. There is only a slight reduction in the output 
swing. 


Intermodulation 


Intermodulation effects have been a problem with older chop- 
per stabilized 
amplifier 
modules. 
Intermodulation 
occurs 


since the amplifier has a finite AC gain, and therefore will 
have a small AC signal at the input. In a chopper stabilized 
module this small AC signal is detected, chopped, and fed 
into the offset correction circuit. This results in spurious out- 
puts at the sum and difference frequencies of the chopping 
frequency 
and the 
input signal 
frequency. Other 
inter- 


modulation effects in chopper stabilized modules include gain 
and phase anomalies near the chopping frequency. 


These effects are substantially reduced in the ICL7650 by 
adding into the nulling circuit a dynamic current that compen- 
sates for the AC on the inputs due to the amplifiers finite gain. 
Unlike the modules, the ICL7650 can precisely compensate 
for the finite AC gain since both the AC gain rolloff and the 
intermodulation 
compensation 
current 
are controlled 
by 


matched capacitors onboard the ICL7650. 


Nulling Capacitor Connection 


Separate pins are provided for CRETN and CLAMP in the 14 
lead version of the ICL7650. With the 8 lead version, a choice 
must be made. If the clamp feature is not used, the "-1" 
version with the CRETN pin should be ordered since it will give 
slightly lower noise and improved AC CMRR. If the clamp 
feature is used, order the standard ICL7650 and connect the 
external capacitors to V-. To prevent load current IR drops 
and other extraneous signals from being injected into the 
capacitors, a separate printed circuit board trace should be 
used to connect the capacitor commons directly to the V- pin. 
The outside foil of the capacitors should be connected to the 
low impedance side of the null storage circuit, V- or CRETN• 
This will act as an electro-static voltage shield. 


Clock Operation 


A frequency of 200Hz is generated by the internal oscillator 
of the ICL7650. This is available at the CLK OU~ pin on the 
14-pin devices. The use~n 
external clock is also optional 
on these parts. The INT/ EXT pin may be left open for normal 
operation due to the internal pull-up. However, the internal 
clock must be disabled and this pin must be tied to V - 
if an 


external clock is desired. An external clock signal may then 
be applied to the EXT CLK IN pin. The duty cycle of the 
external clock is not critical at low frequencies. However, a 
50% to 80% positive duty cycle is preferred for frequencies 
above 500 Hz, since the capacitors are charged only when 
EXT CLK IN is HIGH. This ensures that any transients have 
time to settle before the capacitors are turned OFF. The ex- 
ternal clock should swing between GROUND and (V+) for 
power supplies up to 
±6 
volts, and between (V+) and 


(V+ -6V) 
for higher supply voltages. 


To avoid a capacitor imbalance during overload, a strobe 
signal may be used. Neither capacitor will be charged if a 
strobe signal is connected to EXT CLK IN so that it is low 
during the time that the overload signal is applied to the 
amplifier. A typical amplifier will drift less than 10 fLV/Ssince 
the leakage of the capacitor pins is quite low at room tem- 
perature. Relatively long measurements may be made with 
little change in offset. 


Device Selection 


In many applications Maxim's interchangeable ICL 7652 is 
preferred over the ICL 7650. The ICL7650 has a higher gain- 
bandwidth product and lower input bias currents, while the 
ICL7652 has less noise. The major change in the ICL7652 to 
reduce the noise is an increase in the size of the input FETs. 
This, however, increases the leakage at the ICL7652's exter- 
nal null pins. This means the ICL7650 can operate to a higher 
temperature with 0.1p. F capacitors before the clock ripple 
(due to leakage at the null capacitor pins) becomes excessive 
and 1.0p. F external capacitors are required. 


Chopper Stabilized 
Operational 
Amplifier 


Output Stage/Load Driving 


The ICL7650 is in some ways like a transconductance 
amplifier whose open loop gain is proportional to load re- 
sistance. This behavior is apparent when loads are less than 
the high impedance stage (approximately 18Kfi for 1 output 
circuit. The open loop gain, for example, will be 17dB lower 
with a 1Kfi load than with a 10Kfi load. This lower gain is of 
little consequence if the amplifier is used strictly for DC, since 
the DC gain is typically greater than 120 dB even with a 1Kfi 
load. Forwideband applications, however, the best frequency 
response will be achieved with a load resistor of lOkfi 
or 
higher.The result will be a smooth 6dB/octave response from 
0.1Hz to 2MHz, with phase shifts of less than 10° in the 
transition region where the main amplifier takes over from the 
null amplifier. 


Component Selection 


CEXTA and CEXTB, 
the two required capacitors, have optimum 
values depending on the clock or chopping frequency. The 
correct value is 0.1fLFfor the preset internal clock. This com- 
ponent value should be scaled proportionally to the rela- 
tionship between the chopping frequency and the nulling time 
constant if an external clock is used. A low leakage ceramic 
capacitor may prove suitable for many applications, however, 
a high-quality film-type capacitor such as mylar is preferred. 
Low dielectric absorption capacitors (such as polypropylene) 
should be used.for lowest settling on initial turn-on. With low 
dielectric absorption capacitors, the ICL7650 will settle to 
1fLVoffset in 100 ms, but several seconds may be required if 
ceramic capacitors are used. 


Thermo-e/ectric Effects 


Thermo-electric effects developed in thermocouple junctions 
of dissimilar metals, alloys, silicon, etc., ultimately limit pre- 
cision DC measurements. Unless all junctions are at the 
same temperature, thermoelectric voltages typically around 
10fLVf'C,but up to hundreds of fLVf'C for some materials, will 
be generated. In order to realize the extremely low offset 
voltages that the chopper amplifier can provide it is essential 
to take special precautions to avoid temperature gradients. 
To eliminate air movement, all components should be en- 
closed (particularly those caused by power dissipating ele- 
ments in the system). Power supply voltages and power dis- 
sipation should be kept to a minimum, and low thermo-electric 
coefficient connections should be used where possible. Sep- 
aration from surrounding heat dissipating elements is ad- 
vised, and high impedance loads are preferable. 
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Input Guarding 


Low leakage, high impedance, 
CMOS inputs allow the 


ICL7650 to make measurements of high impedance sources. 
Stray leakage paths can decrease input resistance and In- 
crease input currents unless inputs are guarded. Boards 
must be thoroughly cleaned with TCE or alcohol and blown 
dry with compressed air. The board should be coated with 
epoxy or silicone after cleaning to prevent contamination. 


Leakage currents may cause trouble even with properly 
cleaned and coated boards, particularly Since the Input pins 
are adjacent to pins that are at supply potentials. A significant 
reduction in leakage can be accomplished by uSingguarding 
to lower the voltage difference between inputs and adjacent 
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FIG. 
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FOLLOWEA 


Pin Compatibility 


The 8-lead pin-out of the ICL7650 generally corresponds to 
that of the industry standard 8-pin devices, LM741, LM101, 
etc. However, the external null storage capacitors are con- 
nected to pins 
1 and 8, whereas on most operational 
amplifiers these are left open or used for offset null or com- 
pensation capacitors. 


The OP-05 and OP-07 operational amplifiers can be con- 
verted for ICL7650 operation. This can be accomplished by 
replacing the offset-null pot between pins 1 and 8, and V+ by 
two capacitors from these pins to V-. For LM 108 devices, the 
compensation capacitor is replaced by the external nulling 
capacitors. 
Pin 5 is the output clamp connection on the 


ICL7650. By removing any circuit connections from this pin, 
the LM101/748/709 devices can undergo a similar con- 
version. 


Figure 4 shows the ICL7650 automatically nulling the offset 
voltage of a high speed amplifier. The ICL7650 continuously 
monitors the voltage at the inverting input of the high speed 
amplifier, integrates the error, and drives the high speed 
amplifier's non-inverting input to correct for the offset voltage 
detected at the inverting input. The DC offset characteristics 
of the circuit are determined by the ICL7650, while the AC 


metal runs. By using a 1O-Ieadpin circle, with the leads of the 
device formed so that the holes adjacent to the Inputs are 
empty when it is inserted in the board, input guarding of the 
8-lead TO-99 package is accomplished. A conductive nng 
surrounding the inputs, the guard, is connected to a low- 
impedance point that is approximately the same voltage as 
the inputs. The guard then absorbs the leakage current from 
the high voltage pins. Typical guard connections are shown In 
Figure 3. 


The 14-pin dip configuration has been specifically designed 
to ease input guarding. The pins adjacent to the Inputs are not 
used. 
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performance is determined by the high speed amplifier. While 
this circuit continuously and automatically adjusts the offset 
of the high speed amplifier to less than 5jJ.V, it does not 
correct for errors caused by the input bias current, and RF 
should be as low as is practical. This technique can be used 
with any operational amplifier that is configured as an in- 
verting amplifier. 


Figures 5 and 6 illustrate basic inverting and non-inverting 
amplifier circuits. An output clamping circuit is used In both 
circuits to enhance the overload recovery performance. The 
supply voltage (:t 8V max) and the output drive capability 
(10K!1 load for full swing) are the only limitations on the 
replacement of other operational amplifiers by the ICL7650. 
By using a simple booster circuit, these limitations may be 
overcome (Figure 7). This enables the full output capabilities 
of the LM118 (or any other standard device) to be combined 
with the input capabilities of the ICL7650. The loop gain sta- 
bility should be watched carefully when the feedback network 
is added, particularly when a slower amplifier such as the 741 
is used. 


A lower voltage supply is required when mixing the ICL7650 
with circuits that operate at :t 15V supplies. One approach is 
to use a highly-efficient voltage divider. This is illustrated in 
Figure 8 where the rCL7660 voltage converter is used to 
convert + 15V to 7.5V. 
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_______ 
General Description 


The Maxim 
ICL7652 is a chopper-stabilized 
amplifier, 
ideal for applications 
requiring 
low-level 
signal ampli- 
fication 
and conditioning. 
This device 
offers 
distinct 
performance 
advantages 
over the ICL7650, 
including 
improved 
noise 
performance 
and a wider 
common- 
mode 
input 
voltage 
range. The bandwidth 
and slew 


rate are slightly 
reduced. 


The ICL7652 virtually 
eliminates 
the Vos error term in 


system error calculations, 
eliminating 
the reliability 
and 


cost problems 
associated 
with 
potentiometer 
adjust- 


ments. In addition, 
the O.01J.lVlo C Vosdrift 
specification 
and the excellent 
long term offset stability 
eliminate 
the 
need for periodic 
Vos trimming. 


The offset nulling 
circuit for the 8-lead ICL7652 is con- 
trolled by an internal oscillator circuit. The 14-lead version 
offers the capability 
of connecting 
an external oscillator 
to 
control 
the 
Vos 
nulling 
operation. 
The 
14-lead 
device has an output 
voltage clamp circuit to minimize 
overload 
recovery 
time. 


__________ 
Applications 


The ICL7652 
is ideal for all preamplifier 
circuit 
appli- 
cations 
where low offset voltage is critical 
and periodic 
adjustment 
of the offset is difficult 
or inaccessible. 


Precision 
Amplifier 
Instrumentation 
Amplifier 
Thermocouple 
Amplifier 
Thermistor 
Amplifier 
Strain Gauge Amplifier 


_____ 
Typical Operating 
Circuit 


Inverting 
Amplifier 
with Optional 
Clamp 


~~I~JXI~~I 
Choppe, Stabilized 
Ope,ational Amplifie, 


____________ 
Features 


• 
Improved 
2nd Source! 
(see 3rd page for 


"Maxim 
Advantage'·"). 


• 
Low Input Noise Voltage O.2J.lVp-p(DC-1Hz) 


• 
Low Offset Voltage: 5J.lVMax. 


• 
Low DC Input Bias Current: 
30pA Max. 


• 
High Gain, CMRR and PSRR (11OdB Min.) 


• 
Compensated 
for Unity Gain Operation 


• 
ExcellenlJ"0ng 
t~erm Offset Stability 
«100nV/ 
mon 
) 


• 
Monolithic, 
Low Power CMOS Design 


______ 
Ordering Information 


PART 
TEMP. RANGE 
PACKAGE 


ICL7652CPA 
DOCto +7DoC 
8 Lead Plastic 
DIP 


ICL7652CPD 
DOCto +7DoC 
14 Lead Plastic DIP 


ICL7652CTV 
DOCto +7DoC 
TO-99 Metal Can 


ICL7652IJA 
_20°C to +85°C 
8 Lead CERDIP 


ICL7652IJD 
-20°C 
to +85°C 
14 Lead CERDIP 


ICL76521TV 
-20°C to +85°C 
TO-99 Metal Can 


ICL7652C/D 
DOCto +7DoC 
Dice 


ICL7652CWE 
DOCto +7DoC 
16 Lead Wide S.O. 


NC(GUAAO) 3 


-INPUT 
4 


+INPUT 
5 


The "Maxim 
Advantage?·" 
signifies 
an upgraded 
quality 
level. At no additional 
cost we offer a second-source 
device 
that is subject 
to the following: 


guaranteed 
performance 
over temperature 
along with tighter 
test specifications 
on many key parameters; 
and d&Vice enhancements, 
when needed, 
that result 


in improved 
performance 
without changing 
the functionality. 
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ABSOLUTE MAXIMUM RATINGS 


Total Supply 
Yoltage 
(Y+ to Y-) 
18Y 


Input 
Yoltage 
(Y+ + 0.3) to (Y- - 0.3) Y 
Storage 
Temperature 
Range 
-65°C 
to 160°C 


Operating 
Temperature 
Range 
See Note 
1 
Lead Temperature 
(Soldering, 
10 see) 
300°C 
Yoltage 
on Oscillator 
Control 
Pins 
y+ to Y- 


Duration 
of Output 
Short 
Circuit 
Indefinite 


Current 
into Any 
Pin 
10mA 


- 
while 
operating 
(Note 
4) 
100ilA 


Continuous 
Total Power 
Dissipation 
(TA = +25°C) 


CERDIP 
Package 
(Maxim) 
.•................ 
500mW 


Plastic 
Package 
375mW 


TO-99 
Metal 
Can 
....................••••... 
250mW 


Small 
Outline 
350mW 


Stresses 
above 
those fisted under 
''Absolute 
Maximum 
Ratings" 
may cause 
permanent 
damage 
to the device. 
These are stress ratings 
only and 
functional 
operation 
of the device at these or any other conditions 
above those indicated 
in the operational 
sections of the specifications 
is not implied. 


Exposure 
to absolute 
maximum 
rating conditions 
for extended 
periods 
may affect device reliability. 


ELECTRICAL'CHARACTERISTICS 
- ICL7652 


(Y+ = +5Y, y' = -5Y, T A = +25° C, Test circuit 
unless 
noted) 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN. 
TYP. 
MAX. 
UNIT 


Input Offset Voltage 
Vas 
TA = +25'C 
±0.7 
±5 


Over Operating 
Temperature 
/-,V 


Range (Note 1) 
±1.0 


Average Temperature 
6Vos 
Operating Temperature 
Coefficient 
of Input 
0.01 
0.05 
/-,vrc 
Offset Voltage 
lIT"" 
Range (Note 1) 


Input Bias Current 
ISlAS 
TA = +25°C 
15 
30 
(Doubles every 10°C above 
O°C" 
TA" 
+70'C 
35 
pA 
about 60'C) 
-20'C 
< TA < +85'C 
100 


Input Offset Current 
los 
TA=+25'C 
25 
60 
pA 


Input Resistance 
R'N 
10'2 
0 


Large Signal Voltage Gain 
AVOl 
Rl = 10kO. VOUT= Nil, 
, 
120 
150 
dB 


Output Voltage Swing (Note 3) 
VOUT 
Rl = 10kO 
_. 


±4.7 
±4.85 
V 


Rl = 100kO 
.I.JI 
±4.95 


Common-Mode 
Voltage Range 
CMVR 
-4.3 
-4.8 to +4.0 
3.5 
V 


Common-Mode 
Rejection Ratio 
CMRR 
CMVR = -4.3V to +3.5V 
110 
130 
dB 


Power Supply Rejection Ratio 
PSRR 
±3Vto 
±8V 
110 
130 
dB 


Input Noise Voltage 
enp.p 
Rs = 1000, DC to 1Hz 
0.2 


DC to 10Hz 
0.7 
/-,Vp_p 


Input Noise Current 
in 
f = 10Hz 
0.01 
pAlY'HZ 


Unity-Gain 
Bandwidth 
GBW 
0.45 
MHz 


Slew Rate 
SR 
Cl = 50pF. Rl = 10kO 
0.5 
VI/-'s 


Rise Time 
, 
tr 
0.8 
/-,S 


Overshoot 
20 
% 


Operating 
Supply Range 
V+to V- 
5.0 
16 
V 


Supply Current 
Isupp 
No Load 
2.0 
3.5 
mA 


Internal Chopping 
Frequency 
fch 
Pins 12-14 Open (DIP) 
400 
Hz 


Clamp ON Current (Note 2) 
Rl = 100kO 
25 
100 
/-'A 


Clamp OFF Current (Note 2) 
-4.0V < Your < +4.0V 
1 
pA 


Offset Voltage vs Time 
100 
nVlymonth 


Note 1: 
Operating 
temperature 
range for I series parts is -20°C 
to +85°C, 
for C series is O°C to +70°C. 


Note 2: 
See OUTPUT 
CLAMP 
under detailed description. 


Note 3: 
OUTPUT 
CLAMP 
not connected. 
See typical characteristics 
curves for output swing vs. clamp current characteristics. 


Note 4: 
Limiting input current to 100JJ.Ais recommended 
to avoid latch-up problems. Typically 1mA is safe. however this not guaranteed. 


The electrical characteristics 
above are a reproduction 
of a portion of Intersil's copyrighted 
(1983/1984) 
data book. This information does not constitute any 


repre~e'?tation by Maxim that Intersil's products 
will perform in accordance 
with these specifications. 
The "Electrical Characteristics 
Table" along with the 


descflptlve excerpts from manufacturer's 
data sheet have been included in this data sheet solely for comparative purposes. 
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• 
Key Parameters 
Guaranteed 
Over Temperature 


• 
Lower 
Supply 
Current 


• 
Improved 
ESD Protection 
(Note 
5) 


• 
Maxim 
Quality 
and Reliability 


ABSOLUTE 
MAXIMUM 
RATINGS 
This device conforms 
to the Absolute Maximum Ratings on adjacent page. 


ELECTRICAL 
CHARACTERISTICS 
The ICL7652 specifications 
below satisfy or exceed all "tested" parameters on adjacent 
page. 
(V'; 
+5V. V'; 
-5V, TA; 
+25·C, Test circuit, 
unless noted.) 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN. 
TYp. 
MAX. 
UNITS 


Input Off.et Vollage 
VOS 
TA=+25°C 
to.7 
t5.0 


ICL7652 - 
Over Temperature Range 
±1.0 


IGL76528(below) 
~V 
-20·C STAS +40·C (Note 1) 
.1.0 
.6.25 
-20·C STAS +70·C (Note 1.7) 
.2.0 
.7.25 


+70·C $TA~ +S5·C (Note 1,7) 
.5.0 
.15 


Average Temperature 
ICL7652 - 
Over Temperature 
Range 
0.01 
0.05 
Coefficient of Input 
tJ,VOS 
IGL76528(below) 
Offsel Voltage(Nole 1) 
~ 
-20°C 
:5TA:5: +40°C 
0.01 
0.05 
~VI·G 
·20·G 5TA5 '70·G (Note I, 7) 
0.01 
0.1 


+70·G 5TA 5 +85·G (Note I, 7) 
0.1 
0.5 


Input Bias Current (Note 6) 
TA; 
+25·C 
15 
30 
(Doubles every 10· C above 
lalAs 
O·C S TA5 +70·C 
35 
100 
pA 
approximately 
60· C) 
-20·C 
5 TA 5 +8S·C 
100 
200 


Input Resistance 
R'N 
10'2 
fl 


RL; 
10kfl, Vour; 
±4V, TA; 
+25·C 
120 
150 
Large Signal Voltage Gain 
AVOL 
O·C 5 T••5 +70·C 
114 
140 
dB 


-20·C 
5 T••5 +8S·C 
114 
140 


Output Voltage Swing (Note 3) 
Your 
RL; 
10kfl 
±4.7 
±4.85 
V 
RL; 
100kfl 
±4.95 


Common-Mode 
Voltage Range 
CMVR 
Over Temperature Range (Note 1) 
-4.3 
-4.8 to +4.0 
3.5 
V 


Common-Mode 
Rejection Ratio 
CMRR 
CMVR ; -4.3V to +3.5V, TA; 
+25·C 
110 
130 
dB 
Over Temperature Range (Note 1) 
104 
125 


Power Supply Rejection Ratio 
PSRR 
±3V to ±8V, TA; 
+25·C 
110 
130 
dB 
Over Temperature Range (Note 1) 
104 
125 


Rs - 100fl, DC to 1Hz 
0.2 
I'Vp-p 
Input Noise Voltage 
enp_p 
DC to 10Hz 
0.7 


Input Noise Current 
in 
f; 
10Hz 
0.01 
pA/JRZ 


Unity-Gain 
Bandwidth 
GBW 
0.45 
MHz 


Slew Rate 
SR 
CL; 
50pF, RL; 
10kfl 
0.5 
VII's 


Rise Time 
tr 
0.8 
I'S 


Overshoot 
20 
% 


Operating 
Supply Range 
V'to 
V' 
5.0 
16 
V 


Supply Current 
Isupp 
No Load, TA; 
+25·C 
1.5 
2.0 
mA 
Over Temperature Range (Note 1) 
2.0 
3.5 


Internal Chopping 
Frequency 
fch 
Pins 12-14 Open (DIP) 
400 
Hz 


Clamp ON Current (Note 2) 
RL; 
100kfl 
25 
100 
I'A 
Clamp OFF Current (Note 2) 
-4.0V 5 Your 5 +4.0V 
1 
pA 


Offset Voltage vs Time 
100 
nVlJmonth 


Note 1: 
Operating temperature 
range for "I" series parts is -20°C to +85°C, for C series is DOC to +70°C. This parameter is guaranteed by test 


correlation. 


Note 2: 
See OUTPUT CLAMP under detailed description. 
Note 3: 
OUTPUT CLAMP not connected. 
See typical characteristics 
curves for output swing vs. clamp current characteristics. 


Note 4: 
Limiting 
input current to 100p.Ais recommended 
to avoid latch-up problems. Typically 1mA is safe. however this is not guaranteed. 


Note 5: 
All pins are designed to withstand electrostatic 
discharge 
(ESO) levels in excess of 2000V. (Mil Std 8838, Method 3015.1Test Circuit.) 


Nole 6: 
10S; 2· IBIAS. 
Note 7: 
With GEXTA= GEXTB; 1.0~F 
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Amplifier 


Figure 2 shows the major elements of the ICL7652. Two 
amplifiers 
are illustrated, 
the main amplifier 
and the 
nulling 
amplifier, 
both have offset-null 
capability. 
The 
main amplifier 
is connected 
full-time 
from the input to 


the output. 
The nulling 
amplifier, 
under the control 
of 
the chopping 
frequency 
oscillator 
and clock 
circuit, 
alternately 
nulls 
itself 
and 
the 
main 
amplifier. 
The 
nulling 
arrangement, 
which 
is independent 
of 
the 
output 
level, operates 
over the full power 
supply 
and 
common 
mode 
ranges. 
This 
device 
exhibits 
excep- 
tionally 
high 
CMRR, 
PSRR 
and 
AVOL. The 
nulling 
connections, 
which 
are 
MOSFET 
back 
gates, 
have 
inherently 
high 
impedance. 
The two external 
capac- 


itors 
provide 
the 
required 
storage 
of 
the 
nulling 
potentials 
and 
the 
necessary 
nulling-loop 
time 
constants. 


The chopper 
frequency 
charge 
injection 
at the input 
terminals 
is minimized 
by careful 
balance of the input 
switches. 
The 
feed 
forward-type 
injection 
into 
the 
compensation 
capacitor 
is also minimized. 
This is the 
main cause of spikes at the output in this type of circuit. 


Output Clamp 


This pin allows for reduction 
of the overload 
recovery 
time inherent 
with chopper-stabilized 
amplifiers. 
When 


tied to the summing 
junction, 
or to the inverting 
input 
pin, a current 
path between 
this point and the output 
occurs 
just 
before 
the output 
device 
saturates. 
This 
avoids 
uncontrolled 
input 
differential 
and 
the 
con- 
sequent 
charge 
build-up 
on the 
correction-storage 
capacitors. 
There 
is only 
a slight 
reduction 
in the 
output 
swing. 
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Intermodulatlon 


The 
effects 
of 
intermodulation 
between 
chopper 


frequency 
and input signals have been a problem 
with 


previous 
chopper 
stabilized 
amplifiers. 
These effects 


are present 
because the finite AC gain of the amplifier 


necessitates 
a small 
AC signal 
at the 
input. 
This 
is 
detected 
by the zeroing 
circuit 
as an error signal. This 
signal is chopped 
and fed back, thus injecting 
sum and 
difference 
frequencies. 
This causes disturbances 
in the 


gain and phase vs. frequency 
characteristics 
near the 
chopping 
frequency. 
These 
effects 
are substantially 


reduced 
in the ICL7652. This reduction 
is achieved 
by 
feeding 
the 
nulling 
circuit 
with 
a dynamic 
current 
which 
corresponds 
to 
the 
compensation 
capacitor 
current. 
The intermodulation 
and gain/phase 
distur- 


bances in the ICL7652 are held to very low values, and 
generally 
can be ignored. 


Nu///ng Capacitor Connect/on 


The CEXTAand CEXTBpins should 
be connected 
to the 
null-storage 
capacitors, 
witH the common 
connection 


made to the CRETN. The outside 
foil of the capacitors 
should 
be connected 
to CRETN. 


Clock Operation 


A frequency 
of 400Hz 
is generated 
by the 
internal 
oscillator 
of the ICl76S2. 
This is available 
at the ClK 
OUT pin on the 14-lead device. The use of an external 
clock is also available on these parts. The INT/EXT pin 
may 
be left 
open 
for 
normal 
operation 
due 
to the 
internal 
pull-up. 
However, 
the internal 
clock 
must be 
disabled 
and this pin must be tied to V- if an external 
clock 
is desired. 
An external 
clock signal may then be 
applied 
to the EXT ClK 
IN pin. The duty cycle of the 
external clock is not critical at low frequencies, 
since an 
internal 
divide by two provides the desired SO%switch- 
ing duty 
cycle. 
However, 
a SO% to 80% positive 
duty 
cycle 
is p~eferred for frequencies 
above SOOHz,since 
the capacitors 
are charged 
only when EXT ClK 
IN is 
HIGH. 
This ensures 
that any transients 
have time to 
settle 
before 
the 
capacitors 
are 
turned 
OFF. 
The 
external 
clock can swing between V+ and GROUND 
or 
V+ and V-, and has a logic threshold 
of about V+ - 2.SV. 


To avoid 
a capacitor 
imbalance 
during 
overload, 
a 
strobe 
signal 
may be used. Neither 
capacitor 
will be 
charged 
if a strobe signal is connected 
to EXT ClK 
IN 
~o that.it is low during 
the time that the overload signal 
IS applied 
to the amplifier. 
A typical 
amplifier 
will drift 
!ess t~an 1O",Vlssince the leakage of the capacitor 
pins 
IS qUite 
low 
at 
room 
temperature. 
Relatively 
long 
measurements 
may 
be made 
with 
little 
change 
in 
offset. 


__________ 
Applications 


Output Stage/Load 
Driving 


The ICl76S2 
is in some ways like a transconductance 
amplifier 
whose open loop gain is proportional 
to load 
resistance. 
This behavior 
is apparent 
when loads are 
less than 
the 
high 
impedance 
stage 
of the 
output 
(approxlm~tely 
18kO). 
The 
open 
loop 
gain, 
for 
example, 
Will be 17dBIower 
with a 1kO load than with a 
10kO load. This lower gain is of-little consequence 
if the 
amplifier 
is used strictly 
for DC, since the DC gain is 
typically 
greater than 120dB even with a 1kO load. For 
wideband 
applicatio~s, 
ho~ever, 
the best frequency 
response 
Will be achieved 
with a load resistor of 10kO 
or higher. The result will be a smooth 
6dB/octave 
res- 
ponse from 0.1Hz to O.SMHz, with phase shifts of less 
than 2° in the transition 
region where the main amplifier 
takes over from the null amplifier. 


Component Selection 


CEXTAand CEXTB,the two required external capacitors, 
have 
optimum 
values 
depending 
on 
the 
clock 
or 
chopping 
fr~quency. 
The correct 
value is 0.1 to 1",F for 
the 
preset 
Internal 
clock 
frequency. 
The 
capacitor 
va~ue should 
be scaled 
proportionally 
to the relation- 
s.hlp between 
the chopping 
frequency 
and the nulling 
time constant 
If an external clock is used. A ceramic or 
other lo~ grade capacitor 
may prove suitable for many 
applications, 
however, 
a high-quality 
film-type 
capa- 
citor such as mylar is preferred. 
low 
dielectric 
absorp- 


Chopper Stabilized 
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tion 
capacitors 
(such 
as polypropylene) 
should 
be 
used 
for 
lowest 
settling 
on 
initial 
turn-on. 
Several 
seconds 
may be required 
to settle to 1",V with ceramic 
capacitors. 


Static Protection 


Input 
diodes 
provide 
static 
protection 
for all device 
pins. 
Strong 
static 
fields 
and 
discharges, 
however, 


should 
be avoided, 
as they can cause degraded 
diode 
junction 
characteristics 
which 
may result in increased 
input leakage currents. 


latch-up 
Avoidance 


A parasitic 
four-layer 
(p-n-p-n) 
structure 
which 
has 
characteristics 
similar to an SCR is a characteristic 
of a 
junction-isolated 
CMOS circuit. 
This junction 
may be 
triggered 
into 
a low 
impedance 
state 
under 
certain 
circumstances 
which 
results 
in excessive 
supply 
current. 
In an effort to avoid this condition, 
no voltages 
greater 
than 0.3V beyond 
the supply 
rails should 
be 
applied 
to any 
pin. Generally 
the amplifier 
supplies 
should 
be established 
either at the same time or before 
any input 
signals 
are applied. 
However, 
if this is not 
pOSSible,the drive circuits should limitthe 
input current 
flow to under 
1mA to avoid latch-up, 
even under fault 
conditions. 


Thermo-electrlc 
Effect. 


Thermo-electric 
effects 
developed 
in thermocouple 
junctions 
of dissimilar 
metals, 
alloys, 
silicon, 
etc., 
ultimately 
limit precision 
DC measurements. 
Unless all 
junctions 
are at the same temperature, 
thermoelectric 
voltages 
typically 
around 
0.1 ",VloC, but up to tens of 
",Vlo C for some materials, will be generated. 
In order to 
realize 
the 
extremely 
low 
offset 
voltages 
that 
the 
chopper 
amplifier 
can provide 
it is essential 
to take 
special precautions 
to avoid temperature 
gradients. 
All 
components 
should 
be shielded 
from 
air movement, 


espeCially that caused by power dissipating 
elements. 


Power supply 
voltages 
and power 
dissipation 
should 
be kept to a minimum, 
and low thermo-electric 
coeffi- 
cient 
connections 
should 
be 
used 
where 
possible. 


Separation 
from surrounding 
heat dissipating 
elements 
is advised, and high impedance 
loads are preferable. 
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Input Guarding 


Low leakage, high impedance, CMOS inputs allow the 
ICL7652 to make measurements 
of high impedance 


sources. 
Stray 
leakage 
paths 
can 
decrease. input 


resistance 
and increase input currents 
unless Inputs 
are guarded. Boards must be thoroughly 
cleaned with 
TCE or alcohol and blown dry with compressed air. The 
board should be coated with epoxy or silicone rubber 
after cleaning to prevent contamination. 


Leakage currents may cause trouble even with properly 
cleaned and coated boards, particularly 
since the input 
pins are adjacent to pins that are at supply potentials. A 
significant 
reduction 
in leakage can be accomplished 


by using 
guarding 
to 
lower 
the voltage 
difference 


Al 
R2 
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~ 
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OUTPUT 
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+ 
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·USE 
RJ 
TO 
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LARGE 


SOURCE 
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OR 
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CLAMP 


OPERATION 
(see FIG. 
5) 


FOLLOWER 


Pin Compatibility 


The 8-pin dip of the ICL7652 generally corresponds 
to 


that 
of the industry 
standard 
8-pin 
devices, 
JLA74~, 


LM101, etc. However, the external null storage capacI- 
tors are connected 
to pins 1 and 8, whereas on most 
operational 
amplifiers 
these are left open or used for 


offset null or compensation 
capacitors. 


The OP-05 and OP-07 operational 
amplifiers can also 


be converted 
for 
ICL7652 
operation. 
This 
can 
be 


accomplished 
by replacing 
the 
offset-null 
poten- 


tiometer 
between pins 1 and 8, and V+ by two capacI- 


tors from those pins to V-. For LM108 pinout devices, 
the compensation 
capacitor is replaced by the external 
nulling capacitors. 


______ 
Typical Applications 


The ICL7652 is the optimal circuit 
solution 
whenever 


the performance 
of the system 
requires 
significant 


improvements 
in the 
reduction 
of the 
input 
offset 


voltage and bias currents. Figure 6 illustrates the use of 
a clamp circuit 
in a non-inverting 
amplifier. Since the 


clamp circuit 
forces the inverting 
input to follow 
the 


between the inputs and adjacent metal runs. By using a 
10-lead pin circle, with the leads of the device formed 
so that the holes adjacent to the inputs are empty when 
it is inserted in the board, input guarding 
of the 8-lead 


TO-99 package 
is accomplished. 
A conductive 
ring 


surrounding 
the inputs, forming a guard, is connected 


to a low-impedance 
point that is approximately 
the 


same voltage as the inputs. The guard then absorbs the 
leakage current 
from 
the high voltage 
pins. Typical 


guard connections 
are shown in Figure 3. 


The 14-lead DIP configuration 
has been specifically 


designed to ease input guarding. 
The pins adjacent to 


the inputs are not used. 
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input signal, the usual problems 
in using a chopper- 


stabilized amplifier 
in this application 
are avoided. 


Figures 5 and 6 illustrate 
basic 
inverting 
and non- 


inverting amplifier circuits. An output clamping Circuit 
is used 
in 
both 
circuits 
to 
enhance 
the 
overload 


recovery performance. 
The supply voltage (± 8V max) 


and the output 
drive 
capability 
(10kO load for full 


swing) are the only limitations 
on the replacement 
of 


other operational amplifiers by the ICL7652. By uSing a 
simple 
booster 
circuit, 
these 
limitations 
may 
be 


overcome 
(Figure 
7). This 
enables 
the full 
output 


capabilities of the JLA741 (or any other standard device) 
to 
be combined 
with 
the 
input 
capabilities 
of the 


ICL7652. 
Because these devices 
form 
a composite 


amplifier, 
the loop gain stability 
should 
be watched 


carefully when the feedback network is added. 


The provision 
for lower supply 
voltages 
is required 


when interfacing the ICL7652 with circuits that operate 
at ± 15V supplies. 
One approach 
is to use a highly- 


efficient 
voltage divider. This is illustrated 
in Figure 8 


where Maxim's ICL7660 voltage converter is utilized in 
a backwards fashion. 


(A,//A1> 
~ 
lClO1dl 


FOA FULL CLAMP 
EFFECT 


NOTE: 
A,I/A1 
INDICATES 
THE 


PARALLEL 
COMBINATION 


OF A, AND 
A1 


NOTE: A,IIAl 
INDICATES 
THE 


PAAALLEL 
COMBINATION 


OF A, AND Al 


" ••'1,.,,.,•••• _ •.••_ ••. 
_ 


Operational Amplifier 


CeXTA 
CeXTB 


I 
2 


0.••• 
(2.44mm) 


L 


N_. 


IN-S 


V -7-I 
OUTPUT~:pl 


111 


________ 
General Description 


The LH0033A 
and LH0033 are high speed JFET input 
voltage follower/buffers 
designed to provide high current 
drive at frequencies 
from DC to over 100 MHz. With a 
slew rate of 1500 V/ JJ-secwhen driving 1kn 
loads, the 
LH0033 will provide 100 mA output drive (250 mA peak), 
and can drive loads as low as 50n. 
In addition, phase 


linearity is characterized 
up to 20 MHz for video applica- 
tions. Specifications 
are included for driving heavy coaxi- 
al cable loads not only at the normal 15 volt supplies, but 
also for 5V supplies. 


The LH0033 family is intended to fulfill a wide range of 
buffer applications 
such as high-speed line drivers, video 
impedance 
transformation, 
nuclear instrumentation 
am- 
plifiers, operational 
amplifier isolation buffers for driving 
reactive loads and high input impedance buffers for high- 
speed analog to digital converters 
and comparators. 


Guaranteed 
operation 
over temperature 
of the LH0033 


family is achieved 
by using specially 
selected 
junction 
field effect transistors 
along with state-of-the 
art active 
laser trim techniques. 
They are available in the industry 
standard hermetic 12 Lead TO-8 metal Can. 


___________ 
Applications 


Fast Sample/Hold 
Amplifiers 
Flash AID Input Buffering 
Video Distribution 
CRT Drive 
Coaxial Line Driver 


~~I~JXI~~I 
Fast Buffer Amplifier 


____________ 
Features 


• 
Improved 2nd Source! (See 3rd page for 
"Maxim Advantage'""). 
• 
Guaranteed operation at ±5V supplies 
• 
1500 V/IJS Slew Rate 
• 
100 MHz Bandwidth 
• 
2.9 ns Rise and Fall Times 
• 
10110 Input Impedance 
• 
±5V to ±18V Supply Operation 


_ ___ 
. 
_ 
Ordering Information 


PART 
TEMP. RANGE 
PACKAGE 


LHOO33AG 
- SsoC to + 12SoC 
12 Lead TO-8 


LHOO33ACG 
-25°C 
to + 8SoC 
12 Lead TO-8 


LHOO33G 
- SsoC to + 12SoC 
12 Lead TO-8 


LHOO33CG 
-25°C 
to + 8SoC 
12 Lead TO-8 


The "Maxim Advantage'·" signifies an upgraded quality level. At no additional cost we offer a second-source device that is subject to the 
following: 
guaranteed 
performance 
over temperature 
along with tighter test specifications 
on many key parameters; and device 
enhancements, when needed, that result in improved performance without changing the functionality. 
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ABSOLUTE 
MAXIMUM 
RATINGS 


Supply Voltage (V+ -V-) 
Maximum Power Dissipation (See Curves) 
LH0033A/LH0033AC/LH0033/LH0033C 


Maximum Junction Temperature 
Input Voltage 
Continuous Output Current 
LH0033A/LH0033AC/LH0033/LH0033C 


40V 


1.5W 
175'C 


±VS 


± 100 mA 


Peak Output Current 
LH0033A1LH0033AC/LH0033/LH0033C 
± 250 mA 


Operating Temperature Range 
LH0033A1LH0033 
-55'C 
to + 125'C 


LH0033ACI LH0033C 
- 25'C to + 85'C 


Storage Temperature Range 
- 65'C to + 150'C 


Lead Temperature (Soldering, 10 seconds) 
+300'C 


DC ELECTRICAL 
CHARACTERISTICS 


Vs ~ ±15V, TMIN., TA" 
TMAXunlessotherwisespecified(Note 1) 


Parameter 
Conditions 
LHOO33A 
LHOO33AC 
LHOO33 
LHOO33C 
Units 


Min 
Typ 
Max 
Mln 
Typ 
Max 
Mln 
Typ 
Max 
Mln 
Typ 
Max 


Output Offset 
Rs = 100n, TJ = 25'C, 
1 
5 
6 
15 
5.0 
10 
12 
20 
mV 
Voltage 
VIN = OV (Note 2) 
Rs = lOOn 
10 
20 
15 
25 
mV 


Offset 
Rs = 100n, VIN = OV 
50 
100 
50 
100 
50 
100 
50 
100 
".vrc 
Tempco 
(Note 3) 


Input Bias 
VIN = OV 
Current 
TJ = 25'C (Note 2) 
100 
250 
250 
500 
pA 


TA = 25'C (Note 4) 
1.5 
2.5 
2.5 
5.0 
nA 


TJ ~ TA ~ TMAX 
7.5 
10 
10 
20 
nA 


Voltage Gain 
Vo=±10V, 
0.97 
0.98 
1.00 
0.96 
0.98 
1.00 
0.97 
0.98 
1.00 
0.96 
0.98 
1.00 
VIV 


Rs = 100n, RL = 1.0 kn 


Input 
RL = 1.0 kn 
1010 
1011 
1010 
1011 
1010 
1011 
1010 
1011 
n 
Impedance 


Output 
VIN = 
±1.0V, 
6.0 
10 
6.0 
10 
6.0 
10 
6.0 
10 
n 
Impedance 
RL = 1.0k!! 


Output 
VI = 
± 14V, AL = LOkI) 
±12 
±12 
±12 
±12 
V 
Voltage Swing 
VI = 
±10.5V, 


RL = 100n, TA= 25'C 
±9.0 
±9.0 
±9.0 
±9.0 
V 


Supply 
VIN = OV(Note 5) 
20 
22 
21 
24 
20 
22 
21 
24 
mA 
Current 


Power 
VIN = OV 
600 
660 
630 
720 
600 
660 
630 
720 
mW 
Consumption 


Note 1: LH0033Aandthe LH0033are 100%productiontested as specifiedat 25'C, 125'C,and - 55'C. LHOO33ACand LHOO33Care 100% productiontested at 


25°C only. Specifications 
at temperature 
extremes 
are verified by sample testing, 
but these limits are not used to calculate 
outgoing 
quality level. 


Note 2: Specification 
is at 2SoC junction 
temperature 
due to requirements 
of high speed automatic 
testing. Actual values at operating 
temperature 
will exceed the 
value at TJ = 25°C. When supply voltages 
are ± 15V, no-load operating 
junction 
temperature 
may rise 40-60"C above ambient, 
and more under load 
conditions. 
Accordingly, 
Vas 
may change 
one to several 
mV, and Is will change 
significantly 
during warm·up. 
Refer to IS vs temperature 
graph 
for 
expected 
values. 


Note 3: LH0033Aand LH0033are 100% productiontest",dfor this parameter.LH0033ACand LH0033Care sampletested only. Limitsare not usedto calculate 


outgoing 
quality levels . .6.Vos/.6. T is the average value calculated 
from measurements 
at 25°C and TMAX. 


Note 4: Measured 
in still air 7 minutes after application 
of power. Guaranteed 
through correlated 
automatic 
pulse testing. 


Note 5: Guaranteed 
through correlated 
automatic 
pulse testing at TJ = 25°C. 


Note 6: Not 100% production 
testeel; verified 
by sample testing only. Limits are not used to calculate 
outgoing 
quality level. 


The electrical 
characteristics 
above are a reproduction 
of a portion of National Semiconductor 
Corporation's 
copynghted 
(1984) Linear data book supplement. 
This 


information 
does not constitute 
any representation 
by Maxim that NSC's products 
will perform 
in accordance 
wdh these specifications. 
The "Electrical 
Characteris- 


tics Table" along with the descnptive 
excerpts 
from the anginal manufacturer's 
data sheet have been included in this data sheet solely for comparative 
purposes. 
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• 
Guaranteed Offset Adjust Range 


• 
750 load specifications 


• 
Maxim Quality and Reliability 


• 
Full DC specifications 
at ± 5V supplies 


• 
Low Input Capacitance 


ABSOLUTE MAXIMUM RATINGS: 
This deviceconformsto the AbsoluteMaximumRatingson adjacentpage. 


DC ELECTRICAL 
CHARACTERISTICS 
Sp~cificationsbelowsatisfy or exceed all "tested" parameterson adjacentpage. 
Vs ~ ± 1SV,TMIN 
,;; TA ,;; TMAX unlessotherwisespecified(Note 1) 


Parameter 
Conditions 
LH0033A 
LH0033AC 
LH0033 
LHOO33C 
Units 
Mln 
Typ 
Max 
Mln 
Typ 
Max 
Mln 
Typ 
Max 
Mln 
Typ 
Max 


Output Offset 
Rs = 100n, TJ = 25·C, V,N = OV 
1 
5 
6 
15 
5 
10 
12 
20 
mV 


Voltage (Note 2) 
Rs = 100n, V,N = OV 
10 
20 
15 
25 
mV 


Offset Tempco 
Rs = 1000, V,N = OV (Note 3) 
50 
100 
50 
100 
50 
100 
SO 
100 p'vrc 


Input Bias 
V,N = OV,TJ = 2S·C (Note 2) 
100 
2S0 
2S0 
SOO 
pA 


Current 
TA = 2S·C (Note 4) 
1.S 
2.S 
2.S 
S.O 
nA 


TJ=TA=TMAX 
7.S 
10 
10 
20 
nA 


Voltage Gain 
Vo = 
±10V, Rs = 1000, RL = 1 kO 
0.97 
0.98 
1.00 
0.96 
0.98 
1.00 
0.97 
0.98 
1.00 
0.96 
0.98 
1.00 
VIV 


VIN = ±10,5V, Rs = 1000, RL = 1000 
0.S6 
0.95 
1.00 
0.86 
0.95 
1.00 
VN 


VIN = ±2Y, Rs = 1000, RL = 750 
0.84 
0.95 
1.00 
0.84 
0.95 
1.00 
VIV 


Input 
V,N = 
±1V, RL = 1 kO, TA = 2S·C 
1010 1011 
1010 1011 
1010 1011 
1010 1011 
0 
Impedance 


Output 
V,N = 
±1V, RL = 1 kO 
6 
10 
6 
10 
6 
10 
6 
10 
0 


Impedance 


Output Voltage 
V,N = 
± 14V, RL = 1 kO 
±12 
±12 
±12 
±12 
V 


Swing 
V,N = 
± 10.SV, RL = 100n, TA = 2S·C 
±9 
±9 
±9 
±9 
V 


External Offset 
Vos = 0 mY, TA = 25·C (Note 7) 
0 
7S 
200 
0 
75 
200 
0 


Resistance 


Supply Current 
V,N = OV 
20 
22 
21 
24 
20 
22 
21 
24 
mA 
(NoteS) 


Power 
V,N = OV 
600 
660 
630 
720 
600 
660 
630 
720 
mW 


Consumption 


Parameter 
Conditions 
LH0033A 
LH0033AC 
LH0033 
LH0033C 
Units 
Mln 
Typ 
Max 
Mln 
Typ 
Max 
Mln 
Typ 
Max 
Mln 
Typ 
Max 


Output Offset 
Rs = 100n, TJ = 25·C, V,N = OV 
10 
15 
12 
20 
mV 
Voltage (Note 2 


Input Bias 
VON = Ov,TJ = 25°C (Note 2) 
100 
250 
pA 
Current 
V1N = Ov,TA = 25° C (Note 4) 
300 
750 
pA 


Voltage Gain 
Va = ±1V, Rs = 100n, RL = 1kO 
0.92 
0.96 
1.00 
0.92 
0.96 
1.00 
VN 


Vo = ±1V, Rs = 100n, RL = 75kO 
0.84 
0.91 
1.00 
0.84 
0.91 
1.00 
VIV 


Input 
V1N = ± 1V, RL = 1kn, T A = 25° C 
10'0 
10" 
10'0 
10" 
0 
Impedance 


Output 
V1N = ±1V, RL = 1kO 
6 
10 
6 
10 
0 
Impedance 


OUlput Voltage 
VON = ±4V, RL = 750, TA = 25·C 
±2 
±3.4 
±2 
±3.4 
V 
Swing 


Supply Current 
V,N= 
OV 
16 
20 
16 
20 
mA 


Power 
V1N= OV 
160 
200 
160 
200 
mW 
Consumption 


Refer to notes 
1-6 on adjacent 
page. 


Note 7: Offset 
adjust 
resistor 
connects 
between 
device 
pin 7 and V - 
as shown 
in Figure 
2. 


Fast Buffer Amplifier 


AC ELECTRICAL 
CHARACTERISTICS 


Tc = 2S·C. Vs 
~ 
±1SV. 
As 
~ 
SOfl. AL - 
1.0 kfl (Note 
6) 


Parameter 
Conditions 
lHOO33A 
lHOO33AC 
lHOO33 
lHOO33C 
Units 
Mln 
Typ 
Max 
Mln 
Typ 
Max 
Mln 
Typ 
Max 
Mln 
Typ 
Max 


Slew Rate 
VIN = ±10V 
1000 
1500 
1000 
1400 
1000 
1500 
1000 
1400 
V/p.s 


Bandwidth 
VIN = 1.0 Vrms 
100 
100 
100 
100 
MHz 


Phase Non-Linearity 
BW = 1.0 Hz to 20 MHz 
2.0 
2.0 
2.0 
2.0 
degrees 


Rise Time 
dVIN ~ 0.5V 
2.9 
3.2 
2.9 
3.2 
ns 


Propagation Delay 
dVIN = 0.5V 
~ 
1.2 
1.5 
1.2 
1.5 
ns 


Harmonic Distortion 
f> 
1 kHz 
<0.1 
<0.1 
<0.1 
<0.1 
% 


Refer to notes 1-7 on second and third page 01 this data sheet. 


The electrical 
characteristics 
above are a reproduction 
of 8 portion 
01 National 
Semiconductor 
Corporation's 
copyrighted 
(1984) Linear data book supplement. 
This 
informs/ion 
does not constitute 
any representation 
by Maxim 
that NBC's products 
wJ1lperform 
in accordance 
with these specifications. 
The "Electrical 
Characteris- 
tics Table" slang with the descriptive 
excerpts 
from the original manufacturer's 
dala sheet have been included in this data sheet solely for comparative 
purposes. 


At = 1kn 


Rs 
"" 100~n 


Tc "" 25°C 
1I.100 
~ 
~ 


.010 


10 
1S 


SUPPLY 
VOLTAGE (± V) 


~ 
VS=±15V 


~ 
PULSE7ES1ED 
(TJ = 2S"C 
I10 


.~ 
0.1i 


10 8 6 4 2 0-2-4-6-8-10 


INPUT 
VOLTAGE (V) 
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AC ELECTRICAL 
CHARACTERISTICS 
Specifications 
below satisfy or exceed all "tested" parameters on adjacent page. 


Tc ~ 25·C, Vs ~ 
±15V, 
Rs ~ 50n, RL - 
1.0 kn (Note 6) 


Parameter 
CondItions 
LHOO33A 
LHOO33AC 
LHOO33 
LHOO33C 
Units 
Mln 
Typ 
Max 
Mln 
Typ 
Max 
Mln 
Typ 
Max 
Mln 
Typ 
Max 


Slew Rate 
VIN = ±10V 
1000 
1500 
1000 
1400 
1000 
1500 
1000 
1400 
V/".s 


Bandwidth 
VIN = 1.0 Vrms 
100 
100 
100 
100 
MHz 


Phase Non-Linearity 
BW = 1.0 Hz to 20 MHz 
2.0 
2.0 
2.0 
2.0 
degrees 


Rise Time 
t.VIN = 0.5V 
2.9 
3.2 
2.9 
3.2 
ns 


Propagation Delay 
t.VIN = 0.5V 
1.2 
1.5 
1.2 
1.5 
ns 


Harmonic Distortion 
f = 1kHz 
<0.1 
<0.1 
<0.1 
<0.1 
% 


LH0033 NORMALIZED INPUT BIAS 
CURRENT DURING WARM-UP 
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________ 
Detsiled Description 


The LH0033 combines 
a JFET input stage with a high 


current bipolar output stage. Also included is the biasing 
network 
and laser trimmed 
resistors 
for supply current 
and offset voltage adjustments. 


12 
v+ 


'"''\ NORMALLY 
l 
SHORTED 
.' 


The n-channel JFET 01 has very low input current, less 
than 10 nA at VIN = OV and TJ = 125°C. The source of 
01 will be offset from the input voltage by the VGS volt- 
age of 01. The output is offset from the 01 source volt- 
age by the IR drop across R1 and the VSE of 05. The 
output 
offset 
voltage 
has been actively 
laser trimmed 
during assembly to meet the guaranteed maximum offset 
specification. 


Transistors 
02 and 03 provide a two VSE voltage differ- 


ence between 
the bases of the two output transistors, 


setting the quiescent current through 05 and 06. Resis- 
tors R3 and R4 provide a small amount of degeneration 
to stabilize the quiescent current over temperature. 
04 is 
another n-channel JFET, similar to 01. 04 acts as a cur- 
rent sink for the current flowing through the input stage 
(01, R1, 02, and 03). The voltage drop across diode 01 
and resistor R2 is equal to the drop across R1 and the 
base-emitter junction of 05. 


6 
OFFSET 
OFFSET 


ADJUST 
\. 
" 
PRESET 
"_.' 


NOR'''LLY 
SHORTED 


" \ 
NORMAllY 


/ 
SHORTED 
.' 
v- 


Since 02 
is matched to 05 and 03 
is matched to 06, 
approximately 
one-half of the quiescent current flows in 
the 
input 
stage, 
with the 
remaining 
quiescent 
current 
flowing through the output transistors. 
This means that 
the output stage will be operating as a class A amplifier 
with output currents less than 10 mA. Above this current, 
the output stage operates in a class B mode, with slightly 
increased nonlinearity. 


orrSET 
PRESET 
(OPEN) 


orrSET 
ADJUST 


___________ 
Applicstions 


Layout Precautions 


The LH0033 should be treated as a high frequency am- 
plifier when designing a printed circuit layout. Power sup- 
ply bypassing to a ground plane with low inductance ca- 
pacitors should be within a half inch of the device. For 
applications 
where the input capacitance 
is critical, con- 
nect the case of the device to the output so that the case 
capacitance 
is bootstrapped. 
For most applications, 
the 
case may be left unconnected 
or grounded. There is no 
internal connection 
to the case. 


Offset 
Voltage Adjustment 


For most applications, 
connect 
pin 6 to pin 7, and the 
offset voltage 
will be guaranteed 
to within the actively 
trimmed specification. 
When this is not sufficient, or there 
is a system offset to be absorbed, an external 2000 trim 
pot may be connected 
from pin 7 to V -, as illustrated in 
Figure 2. 


OperatIon 
WithIn an Op Amp Loop 


The LH0033 may be used as a current booster within the 
feedback 
loop of almost any operational 
amplifier with 
only a few cautions: remember that the output is not in- 
ternally short circuit protected, and many applications will 
require one of the short circuit 
protection 
circuits 
dis- 
cussed below. 


Short CIrcuit Protection 


The LH0033 is not internally 
short circuit protected 
as 


.most of the possibilities involve some compromise in out- 
put swing or transient response. The output stage collec- 
tors are available separately, however, so there are sev- 


eral options 
open to the user. The simplest 
and most 
commonly 
used is the simple 
resistor 
in each 
output 
stage 
collector 
(Figure 
3). For worst 
case 
protection 
these resistors may be calculated 
by: 


RUM = V+/100mA 
= V-/100mA 
= 1500 for ± 15V supplies 


Unfortunately, 
a resistor that large severely restricts the 
voltage swing into a heavy load and the slew rate into a 
capacitive load. Decoupling the Vc+ 
and Vc- 
pins with 
capacitors 
will retain full output swing for transient 
puls- 
es, but if the capacitors are made too large, (to hold up 
long pulses) the protection 
is lost. 


An alternative 
active current limit circuit is shown in Fig- 
ure 4. This technique 
retains full DC output swing. The 
current sources are set to a safe limit and are normally 
saturated, 
thus applying 
full supply voltage 
to the Vc 
pins. In the event of a short on the output, the current 
source 
comes 
into operation 
and reduces 
the 
output 
stage collector voltage as required to keep the current to 
a safe level. The output 
stage collectors 
may be by- 
passed with a small capacitor 
to give additional 
current 
capacity for short times, as would be required in driving a 
capacitive load. 


Operation from Single or AsymmetrIcal 
Power Supplies 


Since the LH0033 has no ground pin, an asymmetrical 
power 
supply 
is indistinguishable 
from 
a symmetrical 
supply with a DC level on the input. (The single supply 
case is simply the asymmetrical 
case taken to the ex- 
treme of one of the supplies being zero.) In either case, 
an offset error will be generated corresponding 
directly to 
the gain of the circuit times the apparent 
DC level with 
respect to a pseudo ground point half-way between the 
supplies. 


Offset Voltage = 0.5(1 - 
gain)(IV + 1 - 
Iv -I) 


For example, a device operating on supplies of + 5V and 
-12V 
would have an apparent offset error due to the gain 
of about -35 
mY. This clJuld be easily corrected with an 
offset adjust potentiometer 
connected 
from pin 6 to V- 


as discussed in the offset voltage adjustment 
section. 
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Operation from ± 5V Power Supplies 


The original LH0033 was characterized 
and guaranteed 
to operate 
at ± 15 volt power supplies only, but many 
applications can save substantial power by operating the 
device from reduced supplies. The Maxim LH0033A and 
LH0033AC are specified and tested for gain, swing, off- 
set voltage, bias current and supply current at ± 5V pow- 
er supplies as well as the standard ± 15V. 


Capacitive Loading 


The LH0033 is designed to drive heavy capacitive loads 
without 
susceptibility 
to oscillation. 
Note that the abso- 
lute maximum current rating must still be observed, thus 
the output slew rate times the load capacitance 
must be 
less than 250 mA. For example, a 1000 V/ 11-sslew rate 
with a 250 pF load would fall just within the absolute 
maximum peak current specification. 
If a heavier capaci- 
tive load needs to be driven, the slew rate must be exter- 
nally limited. 


Slew Rate::;; IOUT(MAX)/CLOAO::;; ±250 mA 


Power dissipation resulting from capacitive load currents 
must be considered 
independently. 
The real power dissi- 
pated in a circuit driving a sine wave into a pure capaci- 
tive load is: 


PAC = (Vp.p)2 x Frequency x C1 


This dissipation 
adds directly to the devices quiescent 
power and any DC load power that might be present. The 
sum of all these terms must be less than the absolute 
maximum power rating at the temperature 
of operation. 


Poc + PAC::;; POlss(PKG) 


For example, a 250 pF load driven to 20V peak to peak 
at 
1 MHz 
adds 
a reactive 
power 
dissipation 
in the 
LH0033 of: 


PAC = (20)2 X 106 x 250 X 10-12 
= 100 mW 


This term is not often a severe application 
problem with 
theLH0033. 


Power Dissipation Considerations 


The LH0033 package is rated for 0.5W in still air at 125°C 
and 0.75W with an infinite heat sink. Since the quiescent 
power is in the neighborhood 
of 600 mW, a heat sink is 
needed 
for most 
125°C applications 
and some heavy 
load applications 
at lower temperatures. 
Several suitable 
commercial 
heat sinks are available including the Ther- 


malloy 2241, the Wakefield 
215CB and the IERC UP- 
T08-48CB. 
Please note that the can diameter 
is 0.55 
inches nominal as opposed to the JEDEC To-8 which is 
0.45 inches 
nominal. 
(See the outline drawing 
for de- 
tailed dimensions) 


________ 
Typical Applications 


Output Buffer wIthin an Op Amp Loop 


The low output impedance, 
high slew rate, wide power 
bandwidth, 
and low phase shift of the LH0033 make it 


ideally suited for use as an output buffer for operational 
amplifiers. When using the LH0033 as an op amp buffer, 
the total phase shift of both the op amp and the LH0033 
buffer must be considered when checking for loop stabili- 
ty. With typically only 10 degrees 
of phase shift at 50 


MHz, the LH0033 can be used with all but the very fast- 
est op amps. With an output 
impedance 
of less than 


100, the LH0033 can drive large inductive or capacitive 
loads with little additional phase shift. 


C 
REACTIVE 
LOAD 


Coaxial Cable Driver 


With an input resistance of 10110 and input capacitance 
of 4 pF, the LH0033 places negligible 
load on a 50 or 


750 video source. The Maxim LH0033A is guaranteed for 
operation 
with 
± 5V power supplies 
common 
in video 


systems, and is also specified for a minimum ± 2V swing 
into a 750 load. The LH0033 typically has only 2 degrees 
of phase non-linearity 
over the frequency 
range of 1 to 


20 MHz. The 680 
resistor on the output can be shorted 


out if a higher output voltage is required, but this causes 
a mistermination 
of the 750 
cable, and reflections 
will 


not be absorbed by the coaxial driver output. 


Video Distribution Amplifier 


Figure 7 and the front page of this data sheet show a 
video distribution amplifier capable of driving a number of 
750 
output lines from a single source with very low sig- 
nalloss. The entire amplifier operates from ± 5V supplies 
with a total power dissipation of 640 mW plus the output 
power. The input resistance will be in the thousands 
of 
megohms 
and will be negligible in most situations. The 
input capacitance, 
however, should be considered 
as it 
may result in high frequency misterminations 
at the input. 


The voltage gain of the LH0033A and the LH0033AC is 
specified 
at 0.91 typ, 0.84 min (± 5V supplies and 750 
load), so the worst case insertion loss of the distribution 
amplifier 
is 1.5 dB with a typical under 1dB. Protection 
resistors 
are included 
in series with pins 10 and 12 of 
each device so that the distribution amplifier will be able 
to tolerate momentary overloads on the outputs. 


Figure 8 is a similar video distribution amplifier which has 
output resistance 
of 750 to back terminate the outputs. 
The back termination 
resistor is selected 
to be 680 
to 
account 
for 
the 
typical 
60 
output 
resistance 
of the 
LH0033. 
Because 
each 750 
load is isolated 
from the 
buffer amplifier, each device is able to drive two loads. 
The voltage 
loss through this amplifier will be approxi- 
mately 6 dB. Note that protection 
resistors are unneces- 
sary in the back terminated configuration, 
as the LH0033 
can safely drive the 680 termination 
resistor even if the 
cable is shorted. 


High Speed Sample/Hold 


In Figure 9, the first LH0033 buffers the input and drives 
the saml'le capacitor through the FET, 01, whenever the 
Sample/Hold 
logic input is in the sample mode. When 
the logic input changes to the hold mode, 01 opens up, 
isolating the hold capacitor from the input LH0033, and 
the output voltage no longer follows the input. The sec- 
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Figure 
7. Low Loss 75fi 
Video Distribution 
Amplifier 
ond LH0033 buffers and isolates the sample capacitor 
voltage from the load. Since the input bias current of the 
LH0033 is typically less than 1 nanoamp, the droop rate 
of this sample and hold will be less than 1 mV/ms. 


Since the LH0033 has a slew rate of 1500 V/ JLs and a 
5 


100 MHz bandwidth, 
this 
LH0033-based 
sample 
and 
hold is well suited for use with video speed flash A/D 
converters. 


Fast Buffer Amplifier 


_______ 
Gener.' Description 


The BB3553 and LH0063 are high speed, 
FET input, 


voltage follower/buffers 
designed 
to provide 
high cur- 


rent drive 
at frequencies 
from 
DC to 300M Hz. Both 


devices are similar in their slew rate; up to 6000 volts per 
microsecond 
with light loads and 2000 volts per micro- 


second 
with 
a 50 ohm 
load. 
The 
LH0063 
is not 


internally 
current 
limited, 
giving 
added versatility 
and 


higher transient 
drive capability. 


High Speed Line Drivers 
Video Drivers/Impedance 
Transformation 
Nuclear 
Instrumentation 
Amplifiers 
Operational 
Amplifier 
Isolation 
High Speed A to D Input Buffers 
Video Cross Point Switches 


'orMAXIM 


IH5352 
Quad 


Video Switch 


• 
Pin for Pin 2nd Source 


• 
6OO0v/ JtSec Slew Rate 


• 
DC to 300M Hz Bandwidth 


• 
±10V Output Drive Into 50n 


• 
2ns Rise and Fall Times 


• 
Wide Range Single or Dual Supply Operation 


• 
10Gn Input Resistance 


PART 
TEMP. RANGE 
PACKAGE 


LHOO63CK 
-25°C to +85°C 
8 Lead TO-3 


LHOO63K 
-55°C to +125°C 
8 Lead TO-3 


BB3553AM 
-25°C to +85°C 
8 Lead TO-3 


ABSOLUTE MAXIMUM RATINGS 


Supply Voltage (V· - V-) 
40V 
Maximum Power Dissipation 
(See Curves) 
.....•.......... 
5W 
Maximum Junction 
Temperature 
..............•....... 
175°C 
Input Voltage 
................................•...... 
V· to V- 


Continuous 
Output Current 
.........•.........•..... 
±250mA 


Peak Output Current 
±500mA 


Operating 
Temperature Range 


LHOO63 
-55°C to +125°C 


LH0063C and BB3553AM 
-25°C to +85°C 


Storage Temperature Range 
-65°C to +150°C 


Lead Temperature (Soldering, 
10 sec.) 
+300°C 


Stresses above those listed under ':Absolute Maximum 
Ratings" may cause permanent 
damage to the device. These are stress ratings only and functional 


operation 
of the device at these or any other conditions 
above those indicated in the operational 
sections of the specifications 
is not implied. Exposure to 
absolute maximum rating conditions for extended periods may affect device reliability. 


DC ELECTRICAL CHARACTERISTICS 
(V, ~ ±15V, TMINoS TA oS TMAXunless otherwise specified) 
(Note 1) 


LHOO63 
LHOO63C 
BB3553AM 
PARAMETER 
CONDITIONS 
UNITS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Output 
Rs oS 100kO, TJ ~ 25° C 
10 
25 
10 
50 
50 
mV 
Offset Voltage 
RL ~ 1000 
100 
100 
mV 


Average Temperature 
Coefficient 
of Output 
Rs oS 100kO (Note 3) 
300 
300 
300 
I"VloC 


Offset Voltage 


Input Bias Current 
TJ ~ 25°C (Note 2) 
0.1 
0.5 
0.1 
0.5 
0.2 
nA 


Voltage Gain 
V'N~ ±10V, Rs oS 100kO 
0.94 
0.96 
1.00 
0.94 
0.96 
1.00 
VN 
RL~1kO 


Voltage Gain 
V'N~ ±10V, Rs oS 100kO 
0.92 
0.93 
0.98 
0.91 
0.93 
0.98 
0.92 
0.93 
0.98 
VN 
RL ~ 500, TJ ~ 25°C 


Input Capacitance 
TA~ 25°C (Note 3) 
8.0 
8.0 
8.0 
pF 


Input Resistance 
V'N~ ±1 V,TA ~ 25°C 
10'0 
10" 
1010 
10" 
10'0 
10" 
0 


Output 
Impedance 
VOUT 
~ ±10V, Rs oS 100kO, 
1.0 
4.0 
1.0 
4.0 
1.0 
4.0 
0 
RL ~ 500 


Output 
V,N~ ±10V, Rs oS 100kO 
0.2 
0.6 
0.2 
0.6 
0.2 
0.4 
A 
Current 
SWing 


Output 
RL ~ 500 
10 
13 
10 
13 
10 
V 
Voltage Swing 


Output 
Vs ~ ±5V, RL ~ 500, 
5.0 
7.0 
5.0 
7.0 
V 
Voltage Swing 
TJ ~ 25°C 


Supply Current 
TJ ~ 25°C, RL ~ ••, 
35 
65 
35 
65 
50 
80 
mA 
Vs ~ ±15V (Note 4) 


Supply Current 
Vs ~ ±5V (Note 4) 
50 
50 
mA 


Power Consumption 
TJ ~ 25°C, RL ~ ••, 
1.05 
1.95 
1.05 
1.95 
1.5 
2.4 
W 
Vs ~ ±15V (Note 4) 


Power Consumption 
Vs ~ ±5V (Note 4) 
500 
500 
mW 


Externai Offset 
Vos ~ OmV, 
0 
300 
1000 
0 
300 
1000 
0 
Resistance 
TA ~ 25°C (Note 5) 


Ail devices are 100% tested at 25°C only. Specifications 
at temperature 
extremes are sample tested to 10% LTPD. These limits are 


not used to calculate 
outgoing 
quality 
level. 


Specification 
is at 25°C junction 
temperature 
due to requirements 
of high speed automatic 
testing. Actual vaiues at operating 


temperature 
wiil exceed the value at TJ ~ 25°C. When supplyvoitages 
are±15V, no-load operating junction 
temperature 
without a 


heat sink may rise 20-30°C above ambient, and more under heavy load conditions. 
Accordingly, 
Vos may change one to several mV, 


and IB wiil change significantly 
during warm-up. 
Refer to IB vs. temperature 
graph for expected values. 


QA sample tested only. 
Guaranteed 
through 
correlated 
automatic 
pulse testing at TJ ~ 25°C. 


Offset adjust resistor for LH0063 connects 
between device pin 6 and V-. 


Note 3: 
Note 4: 
Note 5: 
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AC ELECTRICAL 
CHARACTERISTICS 


(Vs = ±15V, 
TA = 25°C, 
Rs = son, 
RL = son 
(Note 6)) 


LHOO63 
LHOO63C 
BB3553AM 
PARAMETER 
CONDITIONS 
UNITS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Slew rate 
RL = 1kn, 
V'N = ±10V 
6000 
6000 
6000 
Vlp.s 


Slew rate 
RL = son, 
V'N = ±10V, 
2000 
2400 
2000 
2400 
2000 
2400 
Vlp.S 
TJ = 25°C 


Bandwidth 
V1N;: 
1.0Vrms 
300 
300 
300 
MHz 


Bandwidth 
Full Power, V'N = 10Vp_p 
32 
32 
32 
MHz 
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________ 
Circuit Description 


80th the 883553 
and the LH0063 consist of a comple- 
mentary 
JFET input stage followed 
by a bipolar output 
stage. There 
is an inherent 
imbalance 
between 
the P 
and N channel 
JFETs (01 and 02). Transistors 
03 and 
04 are laser tri mmed cu rrent sou rces that correct ci rcu it 
imbalances 
to make the offset 
voltage 
zero. On the 
LH0063, the negative current 
source 
is made available 
for optional 
user adjustment; 
the 883553 
can only be 
used at its factory 
adjusted 
value. 


The 883553 
is internally 
current 
limited 
to 400mA at 


room 
temperature. 
This current 
limit is based on the 
VSE of 08 and 09, so the limit point will be reduced 
at 
high temperatures. 
The LH0063 has no internal current 
limit, but has the output 
stage collectors 
brought 
out 
separately 
so that 
external 
current 
limiting 
can 
be 


implemented. 
This has the advantage 
that more output 
current 
is available 
with 
the LH0063, 
as long as the 
maximum 
power dissipation 
limit is not exceeded. 


-1 


________ 
Application 
Hints 


Circuit Layout 


Circuit 
layout is one of the most important 
areas of high 


frequency 
circuit 
design. 
Even a good 
circuit 
design 


may yield only marginal 
performance 
when insufficient 


attention 
is paid to circuit 
layout. 
This 
is especially 


important 
with 
very high 
bandwidth 
systems 
or in a 


closed loop system with an operational 
amplifier. To get 


full 
performance 
capability 
from 
these 
buffers 
the 


following 
circuit 
guidelines 
are suggested: 


1. Use a ground 
plane. It provides 
a shielded, 
low- 


resistance, low-inductance 
ground 
reference and re- 


duces undesirable 
high-frequency 
coupling. 


2. Avoid IC sockets. The increased 
inter-lead 
capaci- 


tance can degrade bandwidth 
and increase feedback 


capacitance. 
Contact 
resistance 
can cause 
offset 


errors that are difficult 
to account 
for. 


3. Keep 
Input 
and 
output 
connections 
short. This 
results in a mqre compact 
physical 
layout and mini- 
mizes parasitic 
coupling. 


4. Minimize capacitance. When used with an op amp, 


minimize 
capacitance 
from output to feedback 
point 
and from feedback 
summing 
junction 
to ground. 


5. Keep wide traces. Supply 
and output 
signal traces 
should be as wide as practical to minimize inductance 
and resistance. 


Power Supply Decoupllng 


The positive 
and negative 
power 
supply 
terminals 
of 


the devices 
must 
be bypassed 
to ground 
with 
solid 


tantalum 
capacitors 
of about 4.7J.lF.A somewhat 
larger 
aluminum 
electrolytic 
can be used if shunted 
by a high 


frequency 
capacitor 
with 
good 
performance 
at 100 
MHz. 
In any 
case, 
the 
high 
frequency 
decoupling 


capacitors 
should 
be placed no more than '.4 to Y, inch 


from the device pins. These capacitors 
must be returned 


to the 
same 
ground 
point 
on the 
ground 
plane 
or 


connected 
by a short, wide circuit 
board trace of low 


inductance 
and resistance. 


Compensation 


Buffer 
amplifiers 
are inherently 
stable in applications 
with 
resistive 
loads and adequate 
supply 
bypassing. 


However, there may be some tendency 
towards 
ringing 
or oscillation 
with capacitive 
loads of 100 pF or greater. 


When a buffer 
amplifier 
is placed within 
the feedback 


loop of a high-gain 
op amp, the phase margin 
of the 
operational 
amplifier 
is reduced 
by an amount 
equal 


to the phase lag of the buffer 
at the amplifier's 
unity 
gain frequency. 
With most monolithic 
amplifiers, 
this 
will be a very small effect, but it should 
be considered 


for amplifiers 
active above 10MHz. 
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Power Dissipation and Device Rating 


The maximum 
junction 
temperature 
of the BB3553 or 
the LH0063 is 150°C. This is the basic limitation 
that, in 
conjunction 
with the total thermal 
resistance, 
sets the 
maximum 
allowable 
power dissipation 
foreither 
device. 


Specifically, 


TJ(MAX)- TA 
P01SS(MAX)= () 
+ () 
+ () 
JC 
CS 
SA 


Where 
TJ(MAX)is the maximum 
allowable 
junction 
tempera- 
ture of the device, e.g. 150°C 


TA is the ambient 
temperature 


()JCis the junction 
to case thermal 
resistance, 6°CIW 


()cs is the thermal 
resistance 
between 
the device 
case and the heatsink 
in °CIW 


()SA is the thermal 
resistance 
for the 
heatsink 
to 
ambient 
in °CIW. 


The ()JC of the 
BB3553 
and the LH0063 
is typically 


6°C/W; 
a conservative 
design 
should 
use a value of 
10°C/W to allow for device-to-device 
variaitons 
in ()JC' 


The actual power dissipation 
in a specific application 
is 


the 
sum 
of the 
quiescent 
power 
dissipation 
(1.5W 
typical 
for the BB3553; 
1.05W typical 
for the LH0063 
assuming 
±15V power supplies) and the power dissipa- 


tion 
in the output 
transistors. 
The dissipation 
in the 
output 
stage is the time average of the instantaneous 
product 
of the output 
current 
times the voltage differ- 


ence between the output 
and the supply 
voltages. 


2+ 
VCC 
_ 


R5 


3 
OUTPUT 


R6 
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Operation 
from Single 
or Asymmetrical 
Power Supplies 


Buffer amplifiers 
may be readily operated from single or 


asymmetrical 
power supplies 
with only a few precau- 
tions. Since the device has no ground 
pin and a gain of 
slightly 
less than 
one, an imbalance 
in the supplies 
appears to the buffer as a DC signal. It will amplify 
this 
DC signal by its gain, and will thus develop an apparent 
offset 
voltage 
different 
than the one specified 
in the 
Electrical 
Characteristics 
table. The additional 
output 
offset error may be predicted 
by: 


(V+ - V-) 


;:"VO'" (1 - Av) 
2 
- 0.02(V+ - V-) 


where: 


Av = No load voltage gain, typically 
0.96 


V+ = Positive 
supply 
voltage 


V- = Negative 
supply 
voltage 


Offset Voltage Adjustment 


The normal definition 
of an amplifier's 
offset voltage is 
that 
voltage 
which 
must 
be applied 
to the 
input 
to 
produce 
zero volts at the output. 
This definition 
also 
applies to a buffer, but there are some other effects to 
consider. 
Most important 
is gain. A device that has a 
gain of 0.96 will develop nearly a volt of error when the 
input is taken to plus or minus 10V In many applications 
the absolute 
value of the gain can be compensated. 


The LH0063 has provisions 
for external 
offset voltage 
adjustment 
while the BB3553 is internally 
committed 
to 
its factory 
trimmed 
value. When not required, the offset 
adjust 
pins of the LH0063 
must be shorted 
together. 


The 
external 
adjustment 
uses a 1kfl 
potentiometer 
between 
pin 6 of the LH0063 and V-. The table of DC 
electrical 
characteristics 
guarantees the MAXI M device 
to be adjustable 
to zero volts offset with the specified 
1kfl potentiometer. 


TABLE 1. 
HEATSINKS FOR LH0063/BB3553 


MANUFACTURER 
PART # 


Thermalloy 
6002-19 


IERC 
LAIC3B4CB 
HPI-T03-33CB 


Short Circuit 
Protection 


The BB3553 has internal 
current 
limiting 
set at 400mA 


to protect the output stage against transient 
overloads. 


Prolonged 
overloads 
can still potentially 
destroy 
the 


device, depending 
on heat sinking 
and ambient 
con- 


ditions. 
The LH0063 is capable of considerably 
higher 


peak currents 
because 
it does 
not have the internal 


current 
limiting, 
but it should 
be externally 
protected 
if 


even a momentary 
overload 
is possible. 


Input Bias Current 
vs Input 
Voltage 


The data sheet guarantee 
for input 
bias current 
and 


input 
resistance 
on both 
devices 
assumes 
an input 


voltage 
of zero 
volts. 
This 
is the 
most 
reasonable 


condition 
for small signal 
applications, 
but increases 


dramatically 
when 
the input 
signal 
swings 
negative. 


The 
curve 
of typical 
input 
current 
vs. input 
voltage 


illustrates 
the 
problem. 
In 
many 
applications, 
the 


situation 
can be improved 
by reducing 
the 
positive 


supply 
voltage. 


MANUFACTURER 
PART # 
COMMENTS 


Robinson 
0002011 
Chassis or 


Nugent. Inc. 
heat-sink 
mounted socket 


Midland-Ross 
45<r3716-01-03-00 
Low cost 
Hypertronics 
YSK0102-004 
socket pins for 
PCB mounting. 
8 socket pins 
are required 
to 


mount one 
device. 


Hypertronlcs 
16 Brent Dr. 
Hudson. MA 01749 
(617) 568-0451 


IERC 
135 W. Magnolia 
BI. 


Burbank, 
CA 91502 
(818) 786-1182 


Midland-Ross 
Cambion 
Div. 
445 Concord 
Ave. 
Cambridge. 
MA 02238 
(617) 491-5400 


Roblnson-Nugenllnc. 
800 E. 8th SI. 
New Albany, IN 47150 
(812) 945-0211 


Thermalloy 
PO. Box 34829 
Dallas. TX 75234 
(214) 243-4321 


_______ 
General Description 


The Maxim 
LH0101 Power 
Operational 
Amplifier 
de- 


livers up to 5 Amp peak output 
current. 
Packaged 
in a 


rugged 
TO-3 case, the LH0101 combines 
the ease of 
use and performance 
of a FET input op amp with the 
power 
handling 
capabilities 
of a 5 Amp output 
stage. 


The output 
short circuit 
protection 
makes this device 


ideal for driving 
AC and DC motors, 
large capacitive 


loads, 
and 
electromagnetic 
actuators. 
The 
output 


stage 
virtually 
eliminates 
crossover 
distortion 
while 
using little quiescent 
power. 


The LH0101 is a wideband 
amplifier, 
with a full power 
bandwidth 
of 300kHz and a gain bandwidth 
of 5MHz. 


To simplify 
connection 
to the LH0101, the output 
of 
Maxim's 
LH0101 is connected 
to both the case and to 
pin 4. 


__________ 
Applications 


The 
LH0101 is well suited 
for applications 
requiring 
both standard 
op amp performance 
and high current 
output 
capability: 


DC Motors 
AC Motors 
Actuators 
Coaxial 
Cable Drivers 
Programmable 
Power Supplies 


-15V 


DC SERVO MOTOR DRIVER 


~~I~JXI~~I 
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Features 
r- 
• Pin for Pin 2nd Source! 
~ 
• 5 Amp Peak, 2 Amp Continuous Output Current 
••••a 
• Virtually No Crossover Distortion 
•••• 


• 300 kHz Power Bandwidth 
• 300 pA Input Bias Current 
• 10 VIitS Slew Rate 
• 5 MHz Gain Bandwidth 
• 2 its Settling Time to 0.01% 
• Adjustable Current Limit 


PART 
TEMP. RANGE 
PACKAGE 


LH0101CK 
-25°C 
to +85°C 
8 Lead TO-3 


LH0101K 
-55°C 
to +125°C 
8 Lead TO-3 


LH0101ACK 
-25°C 
to +85°C 
8 Lead TO-3 


LH0101AK 
-55°C 
to +125°C 
8 Lead TO-3 
- 
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Supply Voltage, Vs 
±22V 
Power Dissipation 
at TA = 25°C 
5W 
Derate linearly at 25°CIW 
to zero at 150°C 
Power Dissipation 
at Tc = 25°C 
,............... 
62W 
Derate linearly at 2°CIW 
to zero at 150°C 


Differential 
Input Voltage, V,N . . . . . . . . . . . . . .. 
±40V but < ±Vs 


Input Voltage Range, VCM 
±20V but < ±Vs 


Peak Output Current (50ms pulse) 
SA 


Output Short Circuit 
Duration 
(within rated power 
dissipation, 
Rsc = 0.35n, TA = 25°C) 
Continuous 


Operating 
Temperature Range 


LH0101AC, LH0101C 
-25°C to +85°C 


LH0101A, LH0101 
-55°C to +125°C 
Storage Temperature 
-65°C to +160°C 


Maximum Junction 
Temperature 
150°C 


Lead Temperature (Soldering, 
< 10 seconds) 
300°C 


Stresses above those listed under "Absolute Maximum 
Ratings" may cause permanent 
damage to the device. These are stress ratings only and functional 
operation 
of the device at these or any other conditions 
above those indicated in the operational 
sections of the specifications 
is not implied. Exposure to 


absolute maximum rating conditions for extended periods may affect device reliability. 


DC ELECTRICAL 
CHARACTERISTICS 


(Vs = ±15V, TA = 25°C unless otherwise 
noted, see Note 1) 


PARAMETER 
SYMBOL 
CONDITIONS 
LH0101AC. 
LH0101A 
LH0101 C. LH0101 
LlNITS 


MIN. 
TYP. 
MAX. 
MIN. 
TYP. 
MAX. 


TA = 25°C 
1 
3 
5 
10 
mV 
Input Offset Voltage 
Vos 
TM1NS;TAS;TMAX(Note 4) 
7 
15 
mV 


Change in 
AVOS 
Input Offset Voltage 
APo 


(Note 2) 
150 
300 
;N/W 
with dissipated 
power 


Change in 
AVOS 
Input Offset Voltage 
l;T 
VCM= 0 
10 
10 
p.VloC 
with temperature 


TA = 25°C 
300 
1000 
pA 


Input Bias Current 
IB 
TAS;TMAX 
I LH0101C/AC 
60 
60 
nA 


(Note 4) 
I LH0101/A 
300 
1000 
nA 


TA=25°C 
75 
250 
pA 


Input Offset Current 
los 
TAS;TMAX 
I LH0101C/AC 
15 
15 
nA 


(Note 4) 
I LH0101/A 
75 
250 
nA 


Large Signal 
AVOL 
Vo = ±10V, RL = 10n 
50 
200 
50 
200 
VlmV 
Voltage Gain 


Rsc = on 
RL = 100n 
±11.7 
±125 
±1l7 
±12.5 
V 


Output Voltage Swing 
Vo 
Av = +1 
RL = 10n 
±11 
±11.6 
±11 
±11.6 
V 


(Note 3) 
RL = 5n 
±10.5 
+11 
±10.5 
±11 
V 


Common 
Mode 
CMRR 
AV,N = ±10V 
85 
100 
85 
100 
dB 
Rejection Ratio 


Power Supply 
PSRR 
AVS = ±5V to ±15V 
85 
100 
85 
100 
dB 
Rejection Ratio 


Quiescent Supply 
Is 
28 
35 
28 
35 
mA 
Current 
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AC ELECTRICAL CHARACTERISTICS 
(Vs = ±15V,TA = 25°C, see Note 1) 


LH0101AC, LH0101A 
LH0101C, LH0101 
PARAMETER 
SYMBOL 
CONDITIONS 
UNITS 
MIN. 
TYP. 
MAX. 
MIN. 
TYP. 
MAX. 


Equivalent Input 
en 
f = 1kHz 
25 
25 
nVlVHz 
Noise Voltage 


Input Capacitance 
C'N 
f = 1MHz 
3.0 
3.0 
pF 


Power Bandwidth, -3dB 
300 
300 
kHz 


Slew Rate (Note 4) 
SR 
7.5 
10 
10 
Vlp.s 


Small Signal Rise or 
RL=10n 
tr,t, 
200 
200 
ns 
Fall Time 
Av = +1 


Small Signal Overshoot 
10 
10 
% 


Gain-Bandwidth 
Product 
GBW 
40 
50 
5.0 
MHz 
(Note 4) 


Large Signal Settling 


RL = co 


Time to 0.01% 
ts 
2.0 
2.0 
ps 


Total Harmonic Distortion 
THO 
Po = 0.5W,f = 1kHz 
0.008 
0.008 
% 
RL=10n 


Note 1: 
Specification is at TJ =25°C. When supply voltages are ±15V,quiescent operating junction temperature will rise approximately 20°C 
without heat sinking. Accordingly, Vas may change 0.5mV and Ieand los will change significantly during warmup. Refer to the Ievs. 
temperature and power dissipation graphs for expected values. temperature tests are made only at extremes. 


Note 2: 
Change in offset voltage with dissipated power is due entirely to average device temperature rise and not to differential thermal 
feedback effects. Test is performed without any heat sink. 


Note 3: 
At light loads, the output swing may be limited by the second stage rather than the output stage. See the application section under 
"Output swing enhancement" for hints on how to obtain extended operation. 


Note 4: 
These parameters are sample tested to 10%LTPD. 
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_______ 
Detailed 
Description 


The LH010l 
consists 
of three stages: an operational 
amplifier, 
a buffer, and a power 
output 
stage, (see 
Figure 
1). The operational 
amplifier 
is similar to the 
LF156. This operational amplifier was chosen for its low 
bias current, high slew rate, and fast settling time. 


The buffer stage, made up of transistors 03, OS, 010, 
and 011, is a unity gain current amplifier. The buffer 
stage bandwidth 
is greater than 50MHz, and is current 
limited to SOmA output by the JFETs 08 and 07. If the 
Feedback pin is connected 
to the Output, 
the buffer 
stage provides 
all output 
current 
up to 25mA. The 
buffer stage current flows through the son resistors, R3 
and R4. The voltage across these resistors tu rns on the 
high power output stage when the buffer stage output 
current is approximately 
25mA. The buffer stage contin- 
ues to supply 
current 
up to its SOmA current 
limit 
during the turn-on 
delay of the output stage. Only in 
driving 
low resistance 
or high capacitance 
loads at 
high frequencies will there be any noticeable distortion 
during the period when the output stage is turning on. 


The high power output 
stage consists 
of the power 
darlingtons, 01 and 02, and the current limit protection 
circuit. 
The 
power 
darlington 
transistors 
are die 
attached 
directly 
to 
the 
case, 
minimizing 
thermal 
resistance. This electrically 
connects the collectors of 
01 and 02 to the case, therefore the case is the LH010l 
Output connection. 
The output of the Maxim LH010l is 
also connected to pin 4. This additional output connec- 
tion enables users to make all connections 
directly via a 


socket or printed circuit board, without having to make 
the output 
connection 
through 
heatsink 
mounting 
hardware. 


Transistors 06 and 09 provide current limit protection. 
The current 
limit threshold 
is programmed 
by sense 


resistors connected between the supplies and the short 
circuit protection 
pins, SC+ and SC-. A voltage of about 
0.6V across the sense resistors 
turns 
on either 
06 


(source current limit) or 09 (sink current limit). These 
transistors then turn on 012 or 04, which divert excess 
base current 
drive away from the darlington 
output 
transistors, 
preventing 
the output 
current from rising 


beyond the preset limit. 


________ 
Application 
Hints 


Output Swing Enhancement 


When the Feedback terminal 
is directly 
connected 
to 


the Output, the buffer stage clips and limits the output 
voltage swing before the output stage saturates. The 
output swing is llV to 12.5Vwith the Feedback terminal 
connected 
to the Output. 
The output 
swing 
can be 


increased by using the circuit of Figure 2. In this circuit 
the output 
stage operates with a gain of 1.5 and the 


output 
stage saturation 
voltage 
of approximately 
lV 


limits 
the 
output 
voltage 
swing. 
The 
O.OlI"F com- 


pensation 
capacitor 
is required 
for loop stability 
in 


unity 
gain 
non-inverting 
buffer 
applications 
using 


output 
swing 
enhancement, 
but 
is not 
needed 
in 
circuits with a closed loop gain greater than 1.5. 


Capacitive Loads 


Capacitive 
loads create an additional 
pole with the 


associated phase shift, which may cause oscillations. 
The LH010l typically has 60° of phase margin as a unity 
gain buffer with no capacitive load. A 1000pF load will 
reduce this phase margin to 40° and O.OlI"Fwill reduce 
it to only 22°. A phase margin of only 22° is generally 
considered 
unacceptably 
low and the LH010l should 


be compensated 
as shown 
in Figure 
3 when 
driving 
capacitive 
loads in the 0.01f..lFrange. Figure 4 shows an 
alternative 
method 
of compensation 
which 
can easily 
be used with 
the output 
swing 
enhancement 
circuit 
discussed 
below. 


As 
with 
most 
amplifiers, 
there 
is a value 
of 
load 
capacitance 
above which oscillation 
will not occur. For 
the LH0101 this value is approximately 
0.1f..lF.The pole 
formed by the LH0101 output impedance 
and capacitive 


loads greater 
than 0.1f..lFbecomes 
the dominant 
pole 
and oscillation 
will not occur. 
In summary, 
if the load 
capacitance 
is less than 1000pF or greater than 0.1f..lF 


the circuit should be stable, otherwise 
use the compen- 


sation techniques 
of Figure 3 or 4. 


Inductive Loads 


Inductive 
loads present 
three 
potential 
problems: 
in- 
ductive 
kickback 
or 
back 
EMF, stability, 
and 
safe 


CAPN:ITIVE 
J lOAD 
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operating 
area (SOA) violations. 
The LH0101 is suitable 
for driving 
inductive 
loads such as voice coil actuators 
and motors, 
but many circuits 
will require 
protection 
from 
the harmful 
effects 
of the energy 
stored 
in the 
inductor. The inductive 
kickback 
problem 
occurs when 
the power to the circuit 
is removed while high current is 
still flowing 
through 
the inductor. 
The 
back 
EMF or 
inductive 
kickback 
may have enough energy to destroy 
the LH0101 as current 
flows 
from 
the inductive 
load, 


through the output stage, back into the internal circuitry 
of the LH0101. The clamp diodes shown in Figure 5 will 
steer the inductive 
kickback 
currents 
directly 
to the 
power supplies, 
thus protecting 
the LH0101. 


Some inductive 
ioads, particularly 
those with high Q, 


may cause spurious 
oscillations. 
The damping 
circuit 
shown 
in Figure 6, a series combination 
of 10[1 and 
0.01f..lFor 0.1f..lF,usually cures this type of problem. 
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Printed Circuit Board Layout and Kelvin 
Connections or Remote Sensing 


Printed circuit board traces which carry high currents 
must be carefully designed. High current traces must of 
course be wide enough to handle the current without 
excessive 
heating. 
A 0.030" wide 
trace 
on 20z./ft2 


copper clad board will have a 10°C rise when carrying 3 
Amp. Even when the printed circuit 
board traces are 
large enough to carry the current, 
the voltage drops 


may cause errors in the output. For example, a 0.030" 
wide trace on a 20z. copper 
clad board will have a 


resistance of 10mO per inch of length and will have a 
voltage 
drop 
of 20mVlinch 
when 
carrying 
2 Amp. 


Errors due to voltage drops can be avoided by using 
one trace or conductor for high current output connec- 
tions 
and a second 
trace or conductor 
for the low 
current feedback sensing connection. 
Figure 7 shows 
the proper configuration 
of supply and feedback con- 
nections. The 4700 
resistor completes 
the feedback 
path if the remote sense con nection 
is inadvertently 


disconnected. 


In some cases signal ground and the power ground are 
connected 
together 
elsewhere 
and cannot 
be con- 


nected as shown in Figure 7. In this case the circuit of 
Figure8 can be used. If RSG/RpG= RI/RF, voltage drops 
across RG are turned into a common 
mode voltage at 
the input of the LH0101 and are rejected by the 100dB 
common 
mode rejection ratio (CMRR) of the LH0101. 


Supply Bypassing 


The LH0101 must be adequately 
bypassed to avoid 
oscillation 
and stability problems caused by the power 
supply 
impedance. 
The 
higher 
currents 
and 
lower 


impedance 
levels associated with the LH0101 require 


more bypassing 
than is normally 
required 
for lower 


power op amps. A 0.1~F ceramic capacitor 
in parallel 


with 
at least 47~F is recommended. 
The minimum 


acceptable 
bypassing 
is O.01~F in parallel with 4.7~F 


between ground and each power supply. 


Common Mode VoUage Range 


While the common 
mode rejection 
ratio (CMRR) 
is 


guaranteed only overthe ±10V input voltage range, the 
actual input common 
mode voltage range (CMVR) is 


typically 
-12V to +15.1Vwith ±15V power supplies. 


Exceeding the negative common 
mode limit on either 


input will cause a phase reversal: if the inverting input 
exceeds the negative common 
mode limit the output 


will be forced low; if the non-inverting 
input exceeds 


the negative common 
mode limit the output 
will be 


forced high. 


Exceeding 
the positive common 
mode limit on only 


one input will not cause a phase reversal. Exceeding 
either the positive or the negative common mode limit 
with both inputs will force the output high. 


The LH0101 does not latch-up when the inputs exceed 
the common mode voltage range provided the absolute 
maximum ratings are not exceeded; normal operation 
resumes when the inputs return to within the common 
mode voltage range limits. 


Input Protection 


While the very low input bias current specification 
of 


the LH0101 might appear to eliminate the need for a 
bias compensation 
resistor at the non-inverting 
input, 


DIGITAL 
DR 
HIGH POWER 
GROUND 


Figure 8. Correcting for Voltage Difference between 
Signal and Power Grounds. 


the bias compensation 
resistor also protects this input. 


Direct 
connection 
of the inputs 
to ground 
should 
be 
avoided since excessive fault currents 
might flow if one 
of the power supplies 
were to be interrupted. 
A 1kO or 
greater 
resistor 
in series with the inputs will avoid this 
potential 
problem. 


Heatsinks 
and Power Dissipation 
Limits 


The maximum 
junction 
temperature 
of the LH0101 is 
150°C. This is the basic limitation 
that, in conjunction 
with the thermal 
resistance, 
sets the maximum 
allow- 
able power dissipation 
for the LH0101. Specifically, 


PDISS(MAX)= 
TJ (MAX)- TA 


OJC + OCS + OSA 


Where 
T J(MAX) is the 
maximum 
allowable 
junction 
temperature 
of the LH0101, 150°C. 


TA is the ambient 
temperature. 


OJC is the LH0101 junction 
to case thermal 
resis- 
tance, 2° CIW. 


OCS is the thermal 
resistance 
between 
the LH0101 
case and the heatsink 
in °CIW. 


OSAis the thermal 
resistance 
from the heatsink 
to 
ambient. 


The OJC of the LH0101 is typically 
2° CIW; a conservative 
design 
should 
use a value 
of 2.5°CIW 
to allow 
for 
device-to-device 
variations 
in 0JC' The actual 
power 
dissipation 
in a given 
application 
is the sum of the 
quiescent 
power dissipation 
(850mW typical with ±15V 
power supplies) 
and the power dissipation 
in the out- 
put transistors. 
The dissipation 
in the output 
transis- 
tors is the time average of the instantaneous 
product 
of 
the output current times the voltage difference 
between 
the output 
and the supply 
voltage. 


Short 
Circuit 
Current 
Limiting 


The source 
and sink current 
limits are individually 
set 
by the current 
sense resistors connected 
between the 
power supplies 
and the short circuit 
current 
limit pins, 
SC+ and SC-. 
Calculate 
the resistor 
values from 
the 
formula: 


0.6V 
ISHORTCIRCUIT= 
Rsc 


This equation 
is only an approximation, 
and it is not 
unusual 
for the actual current 
limit to vary as much as 
25% from 
the expected 
value. The 0.6V in the above 
formula 
is the VBE of 06 and 09, which 
may vary as 
much as 10%from 
device to device. This VBEalso has a 
temperature 
coefficient 
of about -2mVrC. 
A second 
error source 
is the exact value of Rsc. Remember 
that 
Rsc includes 
all resistance 
between the power supply 
and the SC terminal, 
including 
printed 
circuit 
board 
trace resistance, 
solder joints, 
and if a socket 
is used, 
the socket contact 
resistance. Since Rsc may be as low 
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as 0.120, these extra resistances 
can be a significant 
fraction 
of the total Rsc. The power dissipation 
of the 
current 
limit resistor 
is: 


(O.6V)2 
0.36 
PDISS = ---- 
= -- 
Watts 
Rsc (in 0) 
Rsc 


When the LH0101 is used without 
a heatsink, 
set the 
current 
limit to 250mA with 2.70 resistors 
for Rsc. 


Safe Operating 
Area 


The Safe Operating 
Area curve shown 
in the typical 
characteristics 
section 
must 
not 
be exceeded. 
This 
curve is for a case temperature 
of 25°C, and must be 
further 
derated 
for 
operation 
at 
elevated 
case 
temperatures. 


There are two basic limits that must be observed; 
the 
maximum 
current 
limit and the maximum 
power 
dis- 
sipation 
limit. The SOA curve does not have any limits 
set by secondary 
breakdown 
in the output 
transistors, 
the 
power 
dissipation 
limit 
is 
reached 
before 
the 
transistors 
approach 
their secondary 
breakdown 
limits. 


Manufacturer 
Part# 


Thermalloy 
6002-19 


IERC 
LAIC3B4CB 
HPI-T03-33CB 


Manufacturer 
Part# 
Comments 
RobinsonNugentInc. 
0002011 
Chassisor heat- 
sink mounted 
socket 


Low cost socket 
pins for PCB 
Midland-Ross 
450-3716-01-03-00 mounting.8 
socketpins are 
Hypertronlcs 
YSK0102-004 
requiredto 
mount 
one 
LH0101 


Hypertronlcs 
16Brent Dr. 
Hudson.MA 01749 
(617)568-0451 


RobinsonNugentInc. 
800E.8th SI 
NewAlbany.IN 47150 
(812)945-0211 


IERC 
135W. MagnoliaBI. 
Burbank.CA 91502 
(818)786-1182 


Thermalloy 
PO.Box 34829 
Dallas.TX 75234 
(214)243-4321 


Midland-Ross 
CambionDiv. 
445ConcordAve. 
Cambridge.MA02238 
(617)491-5400 


_______ 
Typical Applications 
DC Servomotor Amplifiers 


Figure 10 shows a voltage feedback 
DC servomotor 
amplifier. This type of control 
loop is normally 
used 
when the speed control 
is achieved by controlling 
the 
motor 
voltage. 
With the resistor 
values shown, 
the 
voltage atthe motor will be -5 x VIN.The output voltage 


IS sensed at the motor, therefore 
voltage drops in the 
cable between the LH0101 and the motor will not affect 
the voltage applied to the motor. The 100 resistor and 
O.01/lF 
capacitor 
may 
be 
required 
to 
prevent 
oscillations. 


Figure 11 shows a current 
feedback 
DC servomotor 


amplifier. This type of control 
loop is normally 
used to 


develop 
a torque 
approximately 
proportional 
to the 


input 
voltage. 
Like 
Figure 
9 this 
circuit 
delivers 
a 


constant 
current 
that 
is proportional 
to 
the 
input 


voltage. 


Figure 12combines both current and voltage feedback 
to achieve better open loop speed regulation 
than can 


be achieved 
by either 
Figure 
10 or 11. The specific 


values of Rs, RFI and RGI are chosen to best approxi- 
mate the Speed/CurrentlTorque 
characteristic 
of the 


motor. Capacitor Cc may be required for stability if the 
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positive 
feedback 
is such 
that 
the 
motor 
speed 
in- 


creases with increased 
torque 
load. 


These circuits will either source or sink current, depend- 
ing on the polarity 
of the input voltage, 
and can drive 


DC motors 
in both directions. 


Low Distortion Audio Amplifier 


The hermetically 
packaged 
LH0101 is well suited 
for 


use as an audio 
amplifier 
for 
severe 
environments. 
Figure 
13 shows 
two LH0101s used in a bridge 
audio 


power amplifier. 
The bridge configuration 
doubles 
the 


voltage 
that can be delivered 
to the load, in this case 


delivering 
50V peak-peak to an SO speaker. This means 


that a 40 Watts RMS can be delivered to the SO speaker 
while 
using only ±1SV power supplies. 
The harmonic 


distortion 
is a respectable 
0.1%, which 
should 
suffice 


for all but the most demanding 
applications. 


CRT Yoke Driver Circuit 


The 300kHz power bandwidth 
and 5 Amp peak output 


current 
capability 
of the LH0101 make it well suited for 


CRT yoke driver circuits 
such as Figure 14. This circuit 


is basically 
a constant 
current 
source/sink 
with 
a 


transconductance 
of 435 mAN 
(reciprocal 
of the 2.30 
current 
sense resistor). 
The resistor 
ROAMPlowers the 


Q of the inductive 
yoke; the value of ROAMPis chosen 


empirically 
for 
the 
least 
distortion 
at the 
operating 


frequency. 
At low frequencies 
ROAMPis not required. 


DC Servomotor Phase Locked Loop 


In the circuit 
of Figure 15, the shaft encoder 
produces 


600 pulses per revolution. 
These pulses are compared 


to a reference 
frequency 
by the digital 
phase compar- 
ator of the CD4046. The output 
of the phase compar- 


ator passes through 
a low pass filter 
and drives the 


input 
of the LH0101. The LH0101 amplifies 
this signal 
and drives the DC servomotor. 
The phase-frequency 


comparator 
of the CD4046 increases 
or decreases the 


input 
voltage 
to the LH0101 until 
the shaft 
encoder 


output 
is the same frequency 
as the reference 
input. 


Motor Speed 
_ FIN x 60 
(in RPM) 
- --N- 


Where FIN is the frequency 
of the reference 
input and N 


is the number 
of shaft encoder 
pulses per revolution. 


A single-pulse-per-revolution 
speed 
pickup 
can 
be 


used in place of the shaft encoder, but the PLL low pass 
filter time constant 
must be greatly 
increased. 


Note 
that 
this 
circuit 
is similar 
to a standard 
phase 
locked loop except that the LH0101, the motor, and the 
shaft encoder 
replace the internal VCO of the CD4046. 


Unlike the VCO of the CD4046, the motor adds another 
pole to the system response and loop stability 
must be 


carefully 
analyzed, particu larly if the motor and its load 


has significant 
inertia. As with most feedback 
systems, 
the loop will be stable when there is only one dominant 
pole. The loop filter time constant 
should preferably 
be 


at least 1 decade 
higher or lower than the constant 
of 


the motor and its load. 


RI-R4 
CURRENTLIMIT RESISTOR 
R5 
FEEDBACKRESISTOR 
R6 
FEEDBACKRESISTOR 
R7·R10 
INPUT RESISTORS 
CI·C4 
BYPl\SS CAPACITORS 
C5-CB 
BYPl\SS CAPl\CIToRS 
C9-C12 
BYPl\SS CAPl\CIToRS 


D15112W 
likll 
llikll 
lOW 
4T~F 25V ELECTROLYTIC 
10~F 25V TlNTALUM 
DI~F 
25V CERAMIC 
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VARIABLE 
FREQUENCY 


SQUARE WAVE 
REFERENCE 
PHASE 
COMP 


COM~RATlIR 
II 


IN 
V •• 


B 


INCREMENTAL 
SHAFT 
ENCODER 
800 PULSES/REVOLUTION 
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General Description 


The 
LT1001 offers 
significant 
specification 
improve- 
ments 
over 
earlier 
precision 
operational 
amplifiers. 
Particular 
attention 
has been paid to the optimization 


of 
key 
parameters 
such 
as 
input 
offset 
voltage. 
common-mode 
rejection. 
and power supply 
rejection. 
In addition. 
the high-performance 
LT1001C commercial 


temperature 
device provides 
considerable 
cost savings 


when 
compared 
to equivalent 
grades 
of competing 


precision 
amplifiers. 


The input 
offset 
voltage 
of all units 
is less than 60pV, 
allowing 
the premium 
Military 
device, 
the LT1001AM, 


to 
be specified 
at 
15pV max. 
Power 
dissipation 
is 


close 
to 
half 
that 
of 
the 
industry-standard 
OP-07 


precision 
op amp without 
sacrificing 
noise or speed 


performance. 
A useful by-product 
of lower dissipation 


is decreased 
warm-up 
drift. 


Thermocouple 
Amplifiers 


Low-Level 
Signal 
Processing 


Strain 
Gauge 
Amplifiers 


High-Accuracy 
Data Acquisition 


Vas TRIM 


Vas TR1MO· 
7 
V· 


-IN 
2 
• 
VOUT 


.IN 
3 
5 
N.C. 
• 
V- 


B Lead TO-99 


Vos TRIM 


-IN 


Vos TRIM 
Vos TRIM 


-IN 
V· 


·IN 
Vour 


V- 
N.C. 


• 
Guaranteed 
Low Qftset 
Voltage 
LT1001AM 
15pV max 


LT1OO1C 
60pV max 


• 
Guaranteed 
Low 
Drift 
LT1OO1AM 
O.6pVloC 
max 


LT1OO1C 
1.0pVloC 
max 


• 
Guaranteed 
Low 
Bias Current 
LT1OO1AM 
2nA max 


LT1001C 
4nA max 


• 
Guaranteed 
CMRR 
LT1001AM 
114dB mln 


LT1001C 
110dB mln 


• 
Guaranteed 
PSRR 
LT1001AM 
110dB mln 


LT1001C 
106dB mln 


• 
Low Power 
Dissipation 
LT1001AM 
75mW max 


LT1001C 
80mW max 


• 
Low Noise: 
O.3pV pop 
Ordering Information 


PART 
TEMP. RANGE 
PACKAGE· 


LT1001AMH 
-55°C 
to +125°C 
8 Lead TO-99 


LT1001MH 
-55°C 
to +125°C 
8 Lead TO-99 


LT1001ACH 
DOC to +7DoC 
8 Lead TO-99 


LT1001CH 
DOC to +7DoC 
8 Lead TO-99 


LT1001ACN8 
DOC to +7DoC 
8 Lead Plastic Dip 


LT1001CN8 
DOC to +7DoC 
8 Lead Plastic Dip 


LT1001AMJ8 
-55°C 
to +125°C 
8 Lead Hermetic 
Dip 


LT1001MJ8 
-55°C 
to +125°C 
8 Lead Hermetic 
Dip 


LT1001ACJ8 
DOC to +7DoC 
8 Lead Hermetic 
Dip 


LT1001CJ8 
DOC to +7DoC 
8 Lead Hermetic 
Dip 


LT1001ACS8 
DOC to +7DoC 
8 Lead Small Outline 


LT1001CS8 
DOC to +7DoC 
8 Lead Small Outline 


High-Stability 


Thermocouple 
Amplifier 


NlAXINI 
MaJCim Integrated Product. 5-113 
""AX''''' is a registered 
trademark 
of Maxim 
Integrated 
Products. 


- 
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ABSOLUTE 
MAXIMUM 
RATINGS 


Total 
Supply 
Voltage 
(V· to V-) 
±22V 


Internal 
Power 
Dissipation 
500mW 
TO-99(H) 
- 
derate 
at 7.1mW/oC 
above 
+80°C 
Hermetic 
Dip(J) 
- 
derate 
at 6.7mW/oC 
above 
+75°C 
Plastic 
Dip(P) 
- 
derate 
at 5.6mW/oC 
above 
+36°C 
Small 
Outline(S) 
- 
derate 
at 5mW/oC 
above 
+55°C 
Differential 
Input 
Voltage 
±30V 
Input 
Voltage 
(Note 
1) 
±22V 


Storage 
Temperature 
Range........... 
-65°C 
to +150°C 


Operating 
Temperature 
Range 
LT1001AMH, 
LT1001AMJ8, 


LT1001MH, 
and 
LT1001MJ8 
-55°C 
to +125°C 


All 
Other 
Parts 
0° C to +70° C 


Lead 
Temperature 
(Soldering, 
10 sec) 
+300°C 


Duration 
of Output 
Short 
Circuit 
Indefinite 


Junction 
Temperature 
(TJ) 
•••••••.•••• 
-65°C 
to +160°C 


Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. These are stress ratings only and 
functionat operation of the device at these or any other conditions above those indicated in the operational sections of the specification is not 
implied. Exposure to absolute Maximum ratings conditions for extended periods may allect the device reliability. 


ELECTRICAL 
CHARACTERISTICS 
(Vs = ±15V, TA = +25°C, 
unless 
otherwise 
noted.) 


LT1001AM 
LT1001M 


PARAMETER 
SYMBOL 
CONDITIONS 
LT1001AC 
LT1001C 
UNITS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Input 
Offset 
Voltage 
Vos 
(Note 
2) 
LT1oo1AM 
7 
15 
18 
60 
pV 
LT1001AC 
10 
25 


Long 
Term Input 
Offset 
VoslTime 
(Note 
3) 
0.2 
1.0 
0.3 
1.5 
pVl 


Voltage 
Stability 
Month 


Input 
Offset 
Current 
los 
0.3 
2.0 
0.4 
3.8 
nA 


Input 
Bias Current 
IB 
±0.5 
±2.0 
±0.7 
±4.0 
nA 


Input 
Noise 
Voltage 
eN pop 
0.1Hz to 10Hz (Note 
4) 
0.3 
0.6 
0.3 
0.6 
pV pop 


Input 
Noise 
Voltage 
fo = 10Hz (Note 
4) 
10.3 
18.0 
10.5 
18.0 


Density 
eN 
fo = 100Hz (Note 
4) 
10.0 
13.0 
10.0 
13.0 
nVl.jHi 


fo = 1000Hz (Note 
4) 
9.6 
11.0 
9.8 
11.0 


Input 
Resistance 
R'N 
(Note 
5) 
30 
100 
15 
80 
MO 
Differential-Mode 


Input 
Voltage 
Range 
IVR 
±13 
±14 
±13 
±14 
V 


Common-Mode 
CMRR 
VCM = ±13V 
114 
126 
110 
126 
dB 
Rejection 
Ratio 


Power 
Supply 
PSRR 
Vs = ±3V 
to ±18V 
110 
123 
106 
123 
dB 
Rejection 
Ratio 


Large 
Signal 
Voltage 
Gain 
Avo 


RL 2: 2kO, Vo = ±12V 
450 
800 
400 
800 
VlmV 
RL 2: 1kO, Vo = ±10V 
300 
500 
250 
500 


Output 
Voltage 
Swing 
Vo 


RL 2: 2kO 
±13.0 
±14.0 
±13.0 
±14.0 
V 
RL 2: 1kO 
±12.0 
±13.5 
±12.0 
±13.5 


Slew 
Rate 
SR 
RL 2: 2kO (Note 
4) 
0.1 
0.25 
0.1 
0.25 
VIpS 


Closed-Loop 
Bandwidth 
BW 
AVCL = +1V (Note 
4) 
0.4 
0.8 
0.4 
0.8 
MHz 


Power 
Consumption 
Po 
Vs = ±15V, No Load 
46 
75 
48 
80 
mW 
Vs = ±3V, No Load 
4 
6 
4 
8 


Note 2: 
LT1001A 
grade 
Vos 
is measured 
one 
minute 
after 
application 
of 
power. 
For 
all 
other 
grades 
Vos 
is measured 


approximately 
0.5 seconds 
after application 
of power. 


Note 3: 
Long-Term 
Input 
Offset 
Voltage 
Stability 
refers to the average 
trend 
line of Vos vs. Time over extended 
periods 
after the 


first 30 days of operation. 
Excluding 
the initial 
hour of operation, 
changes 
in Vos during 
the first 30 operating 
days are 


typically 
2.5pY. Parameter 
is sample 
tested. 


Note 4: 
Sample 
tested. 


Note 5: 
Guaranteed 
by design. 
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ELECTRICAL 
CHARACTERISTICS 


(Vs = ±15V. -55°C 
~ TA 
~ 
+125°C. 
unless 
otherwise 
noted.) 


LT1001AM 
LT1001M 
PARAMETER 
SYMBOL 
CONDITIONS 
UNITS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Input 
Offset 
Voltage 
Vos 
(Note 
6) 
30 
60 
45 
160 
p.V 


Average 
Temperature 
Coefficient 
of Input 
TCVos 
0.2 
0.6 
0.3 
1.0 
p.V/oC 


Offset 
Voltage 


Input 
Offset 
Current 
los 
0.8 
4.0 
1.2 
7.6 
nA 


Input 
Bias Current 
IB 
±1.0 
±4.0 
±1.5 
±8.0 
nA 


Input 
Voltage 
Range 
IVR 
±13 
±14 
±13 
14 
V 


Common 
Mode 
CMRR 
VCM = ±13V. 
110 
122 
106 
120 
dB 
Rejection 
Ratio 


Power 
Supply 
PSRR 
Vs = ±3V 
to ±18V 
104 
117 
100 
117 
dB 
Rejection 
Ratio 


Large 
Signal 
Voltage 
Gain 
Avo 
RL ~ 
2kO, Vo = ±10V 
300 
700 
200 
700 
V/mV 


Output 
Voltage 
Swing 
Vo 
RL ~ 
2kO 
±12.5 
±13.5 
±12.5 
±13.5 
V 


Power 
Dissipation 
Po 
No Load 
55 
90 
60 
100 
mW 


ELECTRICAL 
CHARACTERISTICS 


(Vs = ±15V, O°C ~ TA 
~ 
+70°C. 
unless 
otherwise 
noted.) 


LT1001AC 
LT1001C 
PARAMETER 
SYMBOL 
CONDITIONS 
UNITS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Input 
Offset 
Voltage 
Vos 
(Note 
6) 
20 
60 
30 
110 
p.V 


Average 
Temperature 
Coefficient 
of Input 
TCVos 
0.2 
0.6 
0.3 
1.0 
p.V/oC 
Offset 
Voltage 


Input 
Offset 
Current 
los 
0.5 
3.5 
0.6 
5.3 
nA 


Input 
Bias Current 
IB 
±0.7 
±3.5 
±1.0 
±5.5 
nA 


Input 
Voltage 
Range 
IVR 
±13 
±14 
±13 
±14 
V 


Common-Mode 
CMRR 
VCM = ±13V 
110 
124 
106 
123 
dB 
Rejection 
Ratio 


Power 
Supply 
PSRR 
Vs = ±3V 
to ±18V 
106 
120 
103 
120 
dB 
Rejection 
Ratio 


Large 
Signal 
Avo 
RL 
~ 
2kO, Vo = ±10V 
350 
750 
250 
750 
V/mV 
Voltage 
Gain 


Output 
Voltage 
Swing 
Vo 
RL 
~ 
2kO 
±12.5 
±13.8 
±12.5 
±13.8 
V 


Power 
Dissipation 
Po 
No Load 
50 
85 
55 
90 
mW 


Note 6: 
LT1OO1A grade 
Offset 
Voltage 
is measured 
one minute 
after application 
of power. 
For all other 
grades 
Vos is measured 
0.5 seconds 
after 
power 
on. 
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The LT1001 series devices are pin-compatible 
with the 
OP-Q7, OP-Q5, 725, 108A or 101A amplifiers. 
The LT1001 


amplifiers 
can 
be 
used 
to 
upgrade 
older 
designs 
using these devices with or without 
removal of external 


frequency 
compensation 
or nulling 
components. 
The 
LT1001 can 
also 
be 
used 
in 
741, LF156 
or 
OP-15 


applications 
provided 
the nulling 
circuitry 
is removed. 


The 
LT1001 is specified 
over a wide 
supply 
voltage 
range from ±3V to ±18V. Operation 
with lower supplies 


is possible 
down 
to 
±1.2V 
(two 
Ni-Cad 
batteries), 
however, 
at this 
level 
the 
device 
is stable 
only 
in 
closed-loop 
gains of +2 and above (or inverting 
gain of 
one 
or 
higher). 
Unless 
proper 
care 
is 
exercised, 
thermocouple 
effects, caused by temperature 
gradients 
across 
dissimilar 
metals 
at the input 
terminals 
con- 
nections, 
can exceed 
the inherent 
offset 
voltage 
drift 
of the 
amplifier. 
Air 
currents 
over 
the 
device 
leads 
should 
be minimized, 
package 
leads should 
be short, 


and the two input leads should 
be as close together 
as 
possible 
and maintained 
at the same temperature. 
Offset Voltllge Adjustment 


The 
input 
offset 
voltage 
of the 
LT1001, and 
its tem- 
perature 
drift, are minimized 
by zener-zap 
trimming 
at 


the wafer 
level. 
If further 
nulling 
of Vas is required, 
this can be performed 
using a 10k or 20k potentiometer 
with 
no degradation 
of Vas 
drift 
with 
temperature. 


Trimming 
to a value other than zero creates 
a drift 
of 


(Vas/300)pV/oC, 
e.g. if Vo.s is adjusted 
to 300uV, the 
change 
in drift 
will be 1uVloC. The adjustment 
range 
with 
a 
10k or 
20k 
potentiometer 
is approximately 
±2.5mV. 
If less adjustment 
range 
is needed, 
the sen- 
sitivity 
and 
resolution 
of the 
offset 
nulling 
can 
be 


improved 
by using 
a potentiometer 
of lower 
ohmic 


value in conjunction 
with fixed 
resistors. 


~~I~JXI~~I 
Super Low Offset 
Voltage Operational Amplifier 


_______ 
General Description 
Features 
0 


The OP~? is a precision 
operational 
amplifier 
with 
• 
Ultra Low Offset Voltage: 10ItV 
! 
very low input offset voltage 
(10/lV typ., 25/lV max. 
• 
2 '110C 
for the OP~?A), input offset drift of O.2/lV/oC and low 
Ultra Low Offset Voltage Drift: O. /l 
I 


input bias current 
of O.?nA. The wide input common 
• 
Ultra Stable ys. Time: O.2/lVlMonth 
~ 
mode range of ±14V combined 
with high CMRR of. 
03 
V 


110dB minimum 
(OPO?A), plus high input impedance 
Ultra Low Noise: 
• 511 
pop 


and high open-loop 
gain make these devices particu- 
• 
Wide Supply Voltage: ±3V to ±18V 


larly useful for high-gain instrumentation 
applications. 
• 
High Common Mode Input: ±14V 


The excellent 
linearity 
and gain accuracy 
are main- 
• 
No External Components 
Required 


tained at high open-loop 
gains, over both time and 


temperature. 
The 
OP~? 
has 
become 
an 
industry 
• 
Fits AD510, 725, 108A1308A, 741 Sockets 


standard 
and 
Maxim's 
reliability 
and 
quality 
are 


added advantages. 


Precision Amplifiers 


Thermocouple 
Amplifiers 


Low Level Signal Processing 


Medical Instrumentation 


Strain Gauge Amplifiers 


High Accuracy 
Data Acquisition 


Top View 
Vas TRIM 


Vas TRIOM8 
7 
V+ 


-IN 
2 
8 
VOUT 


+IN 
3 
4 
5 
N.C. 


V- 


a Lead TO-99 


Vas TRIM 


-IN 


+IN 


V- 


Vas TRIM 
Vas TRIM 


-IN 
V+ 


+IN 
Vour 


V- 
N.C. 


PART 
TEMP. RANGE 
PACKAGE 


OP07AJ 
-55°C to +125°C 
TO-99 


OP07J 
-55°C to +125°C 
TO-99 


OP07EJ 
O°C to +7DoC 
TO-99 


OP07CJ 
O°C to +70°C 
TO-99 


OPD7DJ 
DOC to +70°C 
TO-99 


OP07EP 
DOC to +7DoC 
8 Lead Plastic Dip 


OP07CP 
DOC to +70°C 
8 Lead Plastic Dip 


OPD7DP 
DOC to +70°C 
8 Lead Plastic Dip 


OPD7AZ 
-55°C to +125°C 
8 Lead Hermetic 
Dip 


OPD7Z 
-55°C to +125°C 
8 Lead Hermetic 
Dip 


OP07EZ 
DOC to +70°C 
8 Lead Hermetic 
Dip 


OP07CZ 
DOC to +70°C 
8 Lead Hermetic 
Dip 


OPD7ECSA 
DOC to +70°C 
8 Lead Small Outline 


OP07CCSA 
DOC to +70°C 
8 Lead Small Outline 


OP07DCSA 
DOC to +70°C 
8 Lead Small Outline 


OPD7D/D 
DOC to +70°C 
Dice 


High-Stability 
Thermocouple 
Amplifier 


Super Low Offset Voltage 
Operational Amplifier 


ABSOLUTE MAXIMUM RATINGS 


Total Supply Voltage (V+ to V-) 
±22V 
Internal Power Dissipation 
500mW 
TO-99(J) - 
derate at 7.1mW/oC above +80°C 
Hermetic Dip(Z) - 
derate at 6.7mW/oC above +75°C 
Plastic Dip(P) - 
derate at 5.6mW/oC above +36°C 
Small Outline - 
derate at 5mW/oC above +55°C 
Differential 
Input Voltage 
±30V 
Input Voltage (Note 1) 
±22V 


Note 1: 
For supply voltages less than ±22V, the absolute maximum input voltage is equal to the supply voltage. 


Storage Temperature Range 
-65°C to +150°C 


Operating Temperature Range 
OP07AJ, OP07AZ, OP07J and OP07Z 
-55°C to +125·C 


All Other Parts 
O·C to +70·C 


Lead Temperature (Soldering, 
10 sec) 
+300·C 
Duration of Output Short Circuit 
Indefinite 


Junction Temperature (TJ) 
..••..•.••..• 
, •.... 
-65·C to +160°C 


Stresses above those listed under ''Absolute Maximum 
Ratings" may cause permanent 
damage to the device. These are stress ratings only and functional 
operation 
of the device at these or any other conditions 
above those indicated in the operational 
sections of the specifications 
is not implied. Exposure to 


absolute maximum 
rating conditions for extended periods may affect device reliability. 


ELECTRICAL CHARACTERISTICS 
(Vs; 
±15V, TA 
; +25°C, unless otherwise noted.) 


OP07A 
OP07 


PARAMETER 
SYMBOL 
CONDITIONS 
UNITS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Input Offset Voltage 
Vos 
(Note 2) 
10 
25 
30 
75 
poV 


Long Term Input 
Vos/Time 
(Note 3) 
0.2 
1.0 
0.2 
1.0 
poVl 


Offset Voltage Stability 
Month 


Input Offset Current 
los 
0.3 
2.0 
0.4 
2.8 
nA 


Input Bias Current 
IB 
±0,7 
±2.0 
±1.0 
±3.0 
nA 


Input Noise Voltage 
eN p_p 
0.1Hz to 10Hz (Note 4) 
0.35 
0.6 
0.35 
0.6 
poVp_p 


Input Noise Voltage 
fo; 
10Hz (Note 4) 
10.3 
18.0 
10.3 
18.0 


Density 
eN 
fo; 
100Hz (Note 4) 
10.0 
13.0 
10.0 
13.0 
nVlJR'Z 


fo; 
1000Hz (Note 4) 
9.6 
11.0 
9.6 
11.0 


Input Noise Current 
IN p_p 
0.1Hz to 10Hz (Note 4) 
14 
30 
14 
30 
pAp_p 


Input Noise 
fo; 
10Hz (Note 4) 
0.32 
0.80 
0.32 
0.80 


Current Density 
IN 
fo; 
100Hz (Note 4) 
0.14 
023 
0.14 
0.23 
pA/JR'Z 


fo; 
1000Hz (Note 4) 
0.12 
0.17 
0.12 
0.17 


Input Resistance 
R'N 
(Note 5) 
30 
80 
20 
60 
Mn 
Differential-Mode 


Input Resistance 
R1NCM 
200 
200 
Gn 
Common-Mode 


Input Voltage Range 
IVR 
±13 
±14 
±13 
±14 
V 


Common-Mode 
CMRR 
VCM; 
±13V 
110 
126 
110 
126 
dB 
Rejection Ratio 


Power Supply 
PSRR 
Vs; 
±3V to ±18V 
4 
10 
4 
10 
poVIV 
Rejection Ratio 


Large Signal 
RL", 
2kn, Vo; 
±10V 
300 
500 
200 
500 


Voltage Gain 
Avo 
RL", 
5oon, Vo; 
±O.5V 
150 
400 
150 
400 
VlmV 


Vs; 
±3V (Note 5) 


RL", 
10kn 
±12.5 
±13.0 
±125 
±13.0 
Output Voltage Swing 
Vo 
RL", 
2kn 
±12.0 
±12.8 
±12.0 
±12.8 
V 


RL"'1kn 
±10.5 
±12.0 
±10.5 
±12.0 


Note 2: 
OP07A grade Vos is measured one minute after application 
of power. For all other grades Vos is measured approximately 
0.5 


seconds after application 
of power. 


Note 3: 
Long-Term Input Offset Voltage Stability 
refers to the average. trend line of Vos vs. Time over extended periods after the first 30 


days of operation. 
ExclUding 
the initial 
hour of operation, 
changes 
in Vos during 
the first 30 operating 
days are typically 


2.5poV.Parameter is sample tested. 
Note 4: 
Sample tested. 


Note 5: 
Guaranteed by design. 


Super Low Offset Voltage 


Operational Amplifier 


ELECTRICAL CHARACTERISTICS (continued) 
(Vs; 
±15V, TA ; +25°C, unless otherwise 
noted.) 


OP07A 
OP07 
PARAMETER 
SYMBOL 
CONDITIONS 
UNITS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Slew Rate 
SR 
RL 2: 2kfi (Note 6) 
0.1 
0.3 
0.1 
0.3 
VI".s 


Closed-Loop 
BW 
AVCL ;+1V 
(Note 6) 
0.4 
0.6 
0.4 
0.6 
MHz 
Bandwidth 


Open-Loop 
Output 
Ro 
Vo;OV,lo;O 
60 
60 
fi 
Resistance 


Power Consumption 
Po 
Vs; 
±15V, No Load 
75 
120 
75 
120 
mW 
Vs; 
±3V, No Load 
4 
6 
4 
6 


Offset Adjustment 
Rp; 
20kfi 
±4 
±4 
mV 
Range 


ELECTRICAL CHARACTERISTICS 
(Vs; 
±15V, -55°C :'0TA:'O+125°C, unless otherwise 
noted.) 


OP07A 
OP07 
PARAMETER 
SYMBOL 
CONDITIONS 
UNITS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Input Offset Voltage 
Vos 
(Note 7) 
25 
60 
60 
200 
"V 
Average Temperature 
Coefficient 
of Input 
TCVos 
(Note 8) 
0.2 
0.6 
0.3 
1.3 
",V;oC 
Offset Voltage 


Input Offset Current 
los 
0.8 
4.0 
1.2 
5.6 
nA 


Average Input Offset 
TClos 
(Note 8) 
5 
25 
8 
50 
pAJoC 
Current Drift 


Input Bias Current 
Ie 
±1.0 
±4.0 
±2.0 
±6.0 
nA 


Average Input Bias 
TCle 
(Note 8) 
8 
25 
13 
50 
pAJoC 
Current Drift 


Input Voltage Range 
IVR 
±13 
±13.5 
±13 
±13.5 
V 


Common-Mode 
CMRR 
VCM; 
±13V 
106 
123 
106 
123 
dB 
Rejection Ratio 


Power Supply 
PSRR 
Vs; 
±3V to ±18V 
5 
20 
5 
20 
",VN 
Rejection Ratio 


Large Signal 
Avo 
RL 2: 2kfi, Vo; 
±10V 
200 
400 
150 
400 
VlmV 
Voltage Gain 


Output Voltage Swing 
Vo 
RL2: 2kfi 
±12.0 
±12.6 
±12.0 
±12.6 
V 


Note 7: 
OP07A grade Offset 
Voltage 
is measured 
one minute 
after application 
of power. For all other grades Vos is measured 
0.5 


seconds after power on. 
Note 8: 
Sample tested. 


Super Low Offset Voltage 
Operational Amplifier 


ELECTRICAL CHARACTERISTICS 
(Vs = ±15V. TA = +25'C. unless otherwise 
noted.) 


OP07E 
OP07C 
OP070 
PARAMETER 
SYMBOL 
CONDITIONS 
MIN. 
TYP. 
MAX. 
MIN. 
TYP. 
MAX. 
MIN. 
TYP. 
MAX. 


Input Offset Voltage 
Vos 
(Note 1) 
30 
75 
60 
150 
60 
150 
p.V 


Long Term 
p.VI 
Input Offset 
VoslTime 
(Note 2) 
0.3 
1.5 
0.4 
2.0 
0.5 
3.0 
Month 
Voltage Stability 


Input Offset Current 
los 
0.5 
3.8 
0.8 
6.0 
0.8 
6.0 
nA 


Input Bias Current 
Ie 
±1.2 
±4.0 
±1.8 
±7.0 
±2.0 
±12.0 
nA 


Input Noise Voltage 
eN p_p 
0.1Hz to 10Hz (Note 3) 
0.35 
0.6 
0.38 
0.65 
0.38 
0.65 
p.Vp_p 


Input Noise 
fo = 10Hz (Note 3) 
10.3 
18.0 
10.5 
20.0 
10.5 
20.0 


Voltage Density 
eN 
fo = 100Hz (Note 3) 
10.0 
13.0 
10.2 
13.5 
10.3 
13.5 
nVljHz 
fo = 1000Hz (Note 3) 
9.6 
11.0 
9.8 
11.5 
9.8 
11.5 


Input Noise Current 
IN p_p 
0.1Hz to 10Hz 
14 
30 
15 
35 
15 
35 
pAp_p 
(Note 3) 


Input Noise 
fo = 10Hz (Note 3) 
0.32 
0.80 
0.35 
0.90 
0.35 
0.90 


Current Density 
IN 
fo = 100Hz (Note 3) 
0.14 
0.23 
0.15 
0.27 
0.15 
0.27 
pAlVHz 
fo = 1000Hz (Note 3) 
0.12 
0.17 
013 
0.18 
0.13 
0.18 


Input Resistance 
R'N 
(Note 4) 
15 
50 
8 
33 
7 
31 
Mil 
Differential-Mode 


Input Resistance 
R,NCM 
160 
120 
120 
Gll 
Common-Mode 


Input Voltage Range 
IVR 
±13 
±14 
±13 
±14 
±13 
±14 
V 


Common-Mode 
CMRR 
VCM= ±13V 
106 
123 
100 
120 
94 
110 
dB 
Rejection Ratio 


Power Supply 
PSRR 
Vs = ±3V to ±18V 
5 
20 
7 
32 
7 
32 
p.VIV 
Rejection Ratio 


Large Signal 
RL 2: 2kll. Vo = ±10V 
200 
500 
120 
400 
120 
400 


Voltage Gain 
Avo 
RL 2: 50011.Vo = ±0.5V 
150 
400 
100 
400 
400 
VlmV 
Vs = ±3V (Note 5) 


RL2: 10kll 
±12.5 
±13.0 
±12.0 
±13.0 
±12.0 
±13.0 
Output Voltage Swing 
Vo 
RL 2: 2kll 
±12.0 
±12.8 
±11.5 
±12.8 
±11.5 
±12.8 
V 


RL2:1kll 
±10.5 
±12.0 
±12.0 
±12.0 


Slew Rate 
SR 
RL 2: 2kll 
(Note 3) 
0.1 
0.3 
0.1 
0.3 
0.1 
0.3 
Vlp.S 


Closed-Loop 
BW 
AVCL= +1V (Note 3) 
0.4 
0.6 
0.4 
0.6 
0.4 
0.6 
MHz 
Bandwidth 


Open-Loop 
Output 
Ro 
Vo = OV.10 = 0 
60 
60 
60 
11 
Resistance 


Power Consumption 
Pd 
Vs = ±15V. No Load 
75 
120 
80 
150 
80 
150 
mW 
Vs = ±3V. No Load 
4 
6 
4 
8 
4 
8 


Offset Adjustment 
Rp = 20kll 
±4 
±4 
±4 
mV 
Range 


Note 1: 
Input Offset Voltage measurements 
are performed 
by automated 
test equipment 
approximately 
0.5 seconds after application 
of 


power. 
Note 2. 
Long-Term Input Offset Stability 
refers to the average trend line of Vos vs Time over extended 
periods after the first 30 days of 


operation. 


Note 3. 
Sample tested. 
Note 4. 
Guaranteed 
by design. 


ELECTRICAL CHARACTERISTICS 
(Vs ~ ±15V, O°C os TA os +70°C, unless otherwise noted.) 


Super Low Offset Voltage 
Operational Amplifier 


OP07E 
OP07C 
OP07D 
PARAMETER 
SYMBOL 
CONDITIONS 
MIN. 
TYP. 
MAX. 
MIN. 
TYP. 
MAX. 
MIN. 
TYP. 
MAX. 


Input Offset Voltage 
Vas 
(Note 5) 
45 
130 
85 
250 
85 
250 
p.V 


Average Temperature 
Coefficient 
of Input 
TCVos 
(Note 6) 
0.3 
1.3 
0.4 
1.8 
0.7 
2.5 
p.VloC 
Offset Voltage 


Input Offset Current 
los 
0.9 
5.3 
1.6 
8.0 
16 
80 
nA 


Average Input Offset 
TClos 
(Note 6) 
8 
35 
12 
50 
12 
50 
pA/oC 
Current Drift 


Input Bias Current 
Ie 
±1.5 
±5.5 
±2.2 
±9.0 
±3.0 
±14 
nA 


Average Input Bias 
TCle 
(Note6) 
13 
35 
18 
50 
18 
50 
pAloC 
Current Drift 


Input Voltage Range 
IVR 
±13.0 
±13.5 
±13.0 
±13.5 
±13.0 
±13.5 
V 


Common-Mode 
CMRR 
VCM ~ ±13V 
103 
123 
97 
120 
94 
106 
dB 
Rejection Ratio 


Power Supply 
PSRR 
Vs ~ ±3V to ±18V 
7 
32 
10 
51 
10 
51 
p.VIV 
Rejection Ratio 


Large Signal 
Ava 
RL 2: 2kll, Va ~ ±10V 
180 
400 
100 
400 
100 
400 
V/mV 
Voltage Gain 


Output Voltage Swing 
Va 
RL 2: 2kll 
±12.0 
±12.6 
±11.0 
±12.6 
±11.0 
±12.6 
V 


~ 
z~ 1.5 
~~ 
OPOI 
u~I 
1.0 
~ 
~ [5 


Super Low Offset Voltage 
Operational Amplifier 


MAXIMUM 
OUTPUT 
SWING 
va. FREQUENCY 


28 


•• 
24 


!:o~ 20 
l!l 
!!l 
16 
~ 
!!1 
12 
'"ir! 
~~ 


10k 
lDl1k 
1M 


FREQUENCY 
(Hz) 


CMRR 
¥s. FREQUENCY 


130 
120 


120 
110 


110 
100 


~ 
100 
IlO 


ll'~ 
IlO 
80 


80 
70 


70 
80 


80 


1.0 
10 
100 
lk 
10k 
lDl1k 


FREQUENCY (Hz, 


OFFSET 
VOLTAGE 
CHANGE 
DUE 
TO THERMAL 
SHOCK 


30 
v." ±15V 


25 
fA" 
+25"C 
,. - 
•. 
• 3 
fA· +moc 
;:~ 
20 
fiI~ 
~~ 15 
~•... 
i~10 
c~ 


TOTAL 
INPUT 
NOISE 
VOLTAGE 
va. FREQUENCY 


1000 


~ 
'>~ 
100 
~ 
!5~~ 
10 
~ 


10 
100 
lk 


FREQUENCY 
{Hz} 


OPEN 
LOOP 
FREQUENCY 
RESPONSE 


120 
V."±I5V 


fA "+25"& 


80 
~. 
1il 
40 
§ 
~ 


Programmable Gain Amplifier 


_______ 
General Description 


The 
PGA 100 is a precision, 
digitally-programmable 


gain 
amplifier 
(PGA) 
combined 
with 
an 8 channel 


±35V 
protected 
input multiplexer. 
The user can select 


anyone 
of eight analog 
input channels 
to be amplified 


by one 
of the 
eight 
noninverting 
binarily 
weighted 


gain steps from 1 to 128. The digital 
gain and channel 


select 
are internally 
latched 
for easy microprocessor 


interface. 
The 
fast 
5J.1sec settling 
time 
allows 
the 


PGA 100 to be used 
in rapid 
channel 
scanning 
data 


acquisition 
systems. 
__________ 
Applications 


Data Acquisition 
Amplifier 


Software 
Error Correction 


Digitally-Controlled 
Autoranging 


Test Equipment 


Remote 
Instrumentation 
System 


System 
Dynamic 
Range and Resolution 
Improvement 


v· 
IN, 


IN, 


IN, 


IN, 


/"'I/JXI/"'I 
PGA100 


Features 


• 
High 
Gain Accuracy 
±0.02% 
max (B Grade) 


• 
Input 
protection, 
±20V 
above ±1SV supplies 


• 
High 
Input 
Impedance: 
10"0 


• 
Fast Settling, 
SJ.lsecto 0.01% 


• 
Low Channel 
to Channel 
Crosstalk, 
-90dB 


• 
Low nonlinearity 
±O.OOS% max (B Grade) 


• 
8 analog 
input 
channels 


• 
8 Selectable 
Gains, 
1, 2, 4, 8, 16, 32, 64, 128 VN 


• 
Fully 
microprocessor-compatible 


PART 
TEMP. RANGE 
PACKAGE 


PGA100AG 
-25°C 
to +85°C 
24 Pin Ceramic 
Side Braze 


PGA100BG 
-25° C to +85° C 
24 Pin Ceramic 
Side Braze 


.••••••• 
,.••• 
JX, .••••••• 
, 


PGA100 


1No 


ANALOG 
GROUND" 


CE 


Programmable Gain Amplifier 


ABSOLUTE 
MAXIMUM 
RATINGS 


Analog 
Supply 
(V·, V') 
±18V 
Digital 
Supply 
(Vcel 
+7V 
Input 
Voltage 
Range 
Analog 
V'-20V<5V1NSY+20V 
Input 
Voltage 
Range 
Digital 
-0.3<5V1N<5+7V 
Storage 
Temperature 
Range........... 
-65°C 
to +160°C 


lead 
Temperature 
(soldering 
10 seconds) 
300°C 


Output 
Short-Circuit 
Duration 
Continuous 
to Ground 


Junction 
Temperature 
175°C 


Power 
Dissipation 
lW 


Stresses 
above 
those listed under 
''Absolute 
Maximum 
Ratings" 
may cause permanent 
damage 
to the device. 
These are stress ratings 
only. and 
functional 
operation 
of the device 
at these or any other 
conditions 
above 
those indicated 
in the operational 
sections 
of the specification 
is not 
implied. Exposure to absolute Maximum ratings conditions for extended periods may affect the device reliability. 


ELECTRICAL 
CHARACTERISTICS 


(Vcc 
= 5V, V· = +15V, v· = -15V, TA = +25°C, 
unless 
otherwise 
noted.) 


PGA100AG 
PGA100BG 
PARAMETER 
SYMBOL 
CONDITIONS 
UNITS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Gain 
Accuracy 
(Note 
1) 
G = 1 to 128, 10 = lmA 
±.01 
±.05 
±.005 
±.02 
% 


vs Temperature 
(Note 
2) 
-25°C 
<5 TA <5 +85°C 
±5 
±10 
±5 
±10 
ppm/oC 


vs Time 
±.001 
±.001 
%/1000 
Hrs. 


Nonlinearity 
(Note 
3) 
G = 1 to 128, 10 = lmA 
±.004 
±.01 
±.002 
±.005 
% of FS 


vs Temperature 
(Note 
2) 
-25°C 
<5 TA <5 +85°C 
±2 
±5 
±2 
±5 
ppm/oC 


vs Time 
±.001 
±.001 
%/1000 
Hrs. 


Rated 
Output 
Voltage 
'OUT = ±2mA 
±10 
±10 
V 


Rated 
Output 
Current 
VOUT = ±10V 
±2 
±2 
mA 


Output 
Resistance 
Gain <5 128 
0.05 
0.05 
Cl 


Short 
Circuit 
Current 
±15 
±15 
mA 


Capacitive 
load 
Phase 
margin 
~ 25° 
1000 
1000 
pF 


Offset 
Voltage 
TA=25°C 
±0.1 
±1 
±.05 
±.5 
mV 


vs Temperature 
-25°C 
<5 TA <5 +85°C 
±6 
±6 
JJVloC 
vs Supply 
8V <5!VI <5 18V 
±10 
±80 
±10 
±80 
JJVN 


vs Time 
±15 
±15 
JJVlmonth 


Input 
Bias Current 


"Off" 
Channel 
±10 
±10 
pA 
"On" 
Channel 
±0.1 
±0.1 
1 
nA 
vs Temperature 
Note 
4 
Note 4 


Input 
Difference 
Current, 


between 
Channels: 
"Off" 
Channel 
±20 
±20 
pA 
"On" 
Channel 
±0.2 
±0.2 
±2 
nA 
vs Temperature 
Note 4 
Note 
4 


Analog 
Input 
Characteristics: 


Input 
Voltage 
Range 
linear 
Operation 
±10 
±10 
V 


Input 
Impedance 


"Off" 
Channel 
10121115 
10121115 
ClllpF 
"On" 
Channel 
10111125 
10111125 
ClllpF 


Input 
Voltage 
Noise 
Density 
fo = 1Hz 
200 
200 
nVl.jgi 


fo = 10Hz 
60 
60 
nVl,jF{i 


fo = 100Hz 
25 
25 
nVl..;Hi. 


fo = 1kHz 
18 
18 
nVl..;Hi. 


fo = 10kHz 
18 
18 
nVl.jHZ 


fo = 100kHz 
18 
180 
nVl.jHi. 
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ELECTRICAL 
CHARACTERISTICS 
(Continued) 


(Vcc 
= 5V, v· = +15V, v- = -15V, TA = +25°C, 
unless 
otherwise 
noted.) 


PGA100AG 
PGA100BG 
PARAMETER 
SYMBOL 
CONDITIONS 
UNITS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Voltage 
Noise 
faw = 0.1Hz to 10Hz 
2.6 
2.6 
pV poD 


Current 
Noise 
Density 
fo = 0.1Hz thru 
8kHz 
6 
6 
fA/.,fHi. 


Current 
Noise 
faw = O.lHz to 10Hz 
115 
115 
fAp-p 


Gain 
Bandwidth 
Product 
5 
5 
MHz 


Full Power 
Bandwidth 
G=l, 
Vo=20VrH)' RL=5kCl 
220 
80 
220 
kHz 


Slew Rate 
G=l, 
Vo=±10V, 
RL=5kCl 
14 
5 
14 
V/psec 


Settling 
Time 
(Note 
5) 
G=l, 
Vo=±10V, 
RL =5kCl 
to 1% 
2.5 
2.5 
psec 
to 0.1% 
3 
3 
psec 


to 0.01% 
5 
5 
psec 


Rise Time 
10% to 90%, l00mV 
70 
70 
nsec 


Phase 
Margin 
G = 1, RL = 5kCl 
60 
60 
° 


Overload 
Recovery 
(Note 
6) 
G = 1, 50% overdrive 
2 
2 
psec 


20V pop' 1kHz sine, 
Crosstalk, 
RTI (Note 
5, 7) 
Rs = lkCl on all 
±0.OO3 
±0.OO3 
% 


OFF channels 


Digital 
Inputs 
(Note 
8): 


Input 
"LOW" 
Threshold 
0.8 
0.8 
V 


Input 
"HIGH" 
Threshold 
2.0 
2.0 
V 


Clock 
Pulse Width 
(low) 
tWL 
20 
20 
nsec 


Setup 
Time 
(CP to data) 
tS1 
20 
20 
nsec 


Hold 
Time 
(CP to data) 
tH1 
5 
5 
nsec 


Setup 
Time 
(CE to CP) 
tS2 
25 
25 
nsec 


Hold 
Time 
(CE to CP) 
tH2 
5 
5 
nsec 


V·N 
Range 
Derated 
performance 
±8 
±18 
±8 
±18 
V 


V· Current 
20 
27 
15 
20 
mA 


V- Current 
10 
16 
7.5 
12 
mA 


Vcc Range 
Full performance 
4.75 
5.25 
4.75 
5.25 
V 


Vcc Current 
Vcc = +5.25V 
15 
27 
15 
27 
mA 


Note 
1: 
Inaccuracy 
is the percent 
error 
between 
the actual 
and ideal gain selected 
measured 
after temperature 
stabilization. 
It 


may be externally 
adjusted 
to zero. 
Note 2: 
Parameter 
is untested 
and is not guaranteed. 
Note 3: 
Nonlinearity 
is the maximum 
peak deviation 
from 
a "best straight 
line" 
(curve 
fitling 
on input-output 
graph) 
expressed 


as a percent 
of the full 
scale 
peak-to-peak 
output. 
Gain 
constant, 
VOUT ranges 
from 
-10V to +10V. 


Note 4: 
Doubles 
approximately 
every 
10° C. 


Note 5: 
See Typical 
Performance 
Curves. 


Note 6: 
Time 
required 
for the output 
to return 
from 
saturation 
to linear 
operation 
follOWing 
the removal 
of an input 
overdrive 
signal. 


Note 7: 
Crosstalk 
is the amount 
of signal 
feedthrough 
from all OFF channels 
that appears 
at the output 
of the input 
multiplexer. 


It is express 
as a percent 
of the signal 
applied 
to all OFF channels. 


Note 8: 
All digital 
inputs 
are one 74LSTTL 
load. Timing 
specifications 
not tested; 
guaranteed 
by design. 


III 
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lmA 


l00iJA 


I- 
10/1A 
z 
~ 
ljJA 
II:a l00nA 


!5 
10nA 
ll. 
! 
lnA 


SETTLING 
TIME 
VI GAIN 
AND 
SOURCE 
RESISTANCE 


SMALL 
SIGNAL 
FREQUENCY 


RESPONSE 


G = 128 


-G 
64 


G = 32 


G = 16 
"'\ 


G-8 
"' 
G=4 
- 
G-2 
~ 


G = 1 
\ 


I 


6 
50 
w 


~ 
40 
w::f 
~ 
30 
Clz 
E 
20 


en 
10 


iil 
30 


:Eo 
z 
20 
:c 
Cl 


INPUT 
NOISE 
VOLTAGE 


VI FREQUENCY 


I 


I 
'" 


TA = 25'C 
'" 


""" 


INPUT 
NOISE 
CURRENT 


VI FREQUENCY 


1000 


~ 
~ 
I- 
100 
z 
W 
II: 
II: 
;)0 
w 
10 
en(5 
Z 
I- 
;) 
ll.! 


I 
J 


I 
TA = 25'C 
II 


J 


II 


10 
100 
lk 
10k 
lOOk 
1M 


FREQUENCY 
(Hz) 


OFF CHANNEL 
LEAKAGE 
CURRENT 
VI INPUT 
VOLTAGE 
WITH 
±15V 
SUPPLIES 


I-- OPER 
:rING 
I-- 
RANGE 
, 
- 
;" 
l00pA 


10pA 
-50 
-30 
-10 
OV+10 
+30 
+50 


VIN 


10 
100 
lk 
10k 
lOOk 
1M 


FREQUENCY 
(Hz) 


INPUT 
LEAKAGE 
VI INPUT 


VOLTAGE WITH 
y+ = V- = OV 


en 100jJA 


~ 
10jJA 
~ 
;) 
ljJA 
en 
Ii; 100nA 
~:j 
10nA 


Lrl 
1nA 
z 
:i 100pA 
J: 
o 
10pA 
It 
o 
lpA 
-50 
-30 


r- 


280jJA AT +35V 
305jJ~ 
AT +50V 
\ 


I-- OPERATING 
RANGE 


....•. 
- 


-10 OV +10 
+30 
+50 


V,N 


Programmable Gain Amplifier 


__________ 
Description 


The PGA 100 consists of an 8 channel ±35V protected 
input 
multiplexer 
followed 
by a non-inverting 
oper- 


ational amplifier 
whose gain may be set using another 
multiplexer 
selecting 
outputs 
on a resistive feedback 


network 
(see Figure 
1). Both 
multiplexers 
are fed 


from 
a TTL 
6 bit 
latch 
similar 
to a 74LS378. The 


digital 
inputs are latched by the positive transition 
of 


the clock pulse, pin 18, when the clock enable, pin 19, 
is low. The relative set up and hold times specified 
in 


the Electrical 
Specifications 
are shown in Figure 3. 


______ 
Layout Considerations 


The 
PGA100 
has dual 
analog 
ground 
pins 
and 
a 


separate digital 
ground. 
These must be connected 
at 


some single point in the system. The resistance seen 
by the analog 
ground 
is critical 
and must be kept 


below 5 milliohms to meet the accuracy specifications. 
Pin 20 is the primary analog ground, so should be used 
as the system reference point. 


INO 
21 


INI 
22 


IN2 
23 


1N3 
24 


IN4 
4 


INs 
3 


IN6 
2 


1N7 


INPUT 
MUX 


OUT 


vcc 


GND 


Ao 
6 


Al 
7 


A2 
8 


A3 
9 


A4 
16 


As 
17 


CE 
19 


CP 
18 


___ 
Input Overvoltage Protection 


The PGA 100 can withstand 
input overvoltage 
of up to 


±35V, or 20V greater 
than ±15V analog 
supply 
volt- 


ages. In normal 
operation, 
this allows 
inputs 
up to 


plus and minus 
35V. Even with the analog 
supplies 


powered 
down, the inputs may still be stimulated 
up 


to plus and minus 20V without 
damage. This degree 


of protection 
is achieved 
with a Maxim 
proprietary 


circuit/process 
as used in the MAX358 
multiplexer. 


Note that 
overdriven 
inputs 
go to a relatively 
high 


impedance 
state that 
minimizes 
input 
loading 
and 


power dissipation. 
___ 
Optional Gain 5csle/ Adjust 


Ordinarily, 
no connection 
is made to pin 12 and this 


results 
in the standard 
gains specified 
in Table 1. A 


slight adjustment 
in the gains other than unity may be 
made by connecting 
a resistor or potentiometer 
be- 


tween pin 12 and the output and/or 
ground. 
This will 


allow anyone 
gain to be adjusted 
exactly, but at the 
expense of the others. The pin 12 connection 
has no 


effect on the unity gain accuracy. 


12 
GAIN 
ADJ. 


5,20 
ANALOG 
GROUND 
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G'''''''cr I:=_-==_-==_-==_---=~--=~--=~--=:--~-- 


CHANNEL I:,2 
••••• 


SELECT Ao.-J----- 


CE 
DISABLED U 


ENABLED 
1__ 
' 


.ILrlJl...ILJL 


I 
I 
I 
I 
I 


INO 
INO 
INl 
IN7 
IN7 
1 
I 
I 
I 
I 
I 
I 
I 
I 


GAIN CHOSEN 
G = 1 
G = 1 
G = 2 
G = 2 
G = 128 


CP 
P~~~~E 
TRIGGER 


CHANNEL 
CHOSEN 


Channel 
Gain 
AO 
A1 
A2 
A3 
A4 
AS 


0 
0 
0 
Channel 
0 
1 
0 
0 
Channel 
1 
0 
1 
0 
Channel 
2 
1 
1 
0 
Channel 
3 
0 
0 
1 
Channel 
4 
1 
0 
1 
Channel 
5 
0 
1 
1 
Channel 
6 
1 
1 
1 
Channel 
7 


0 
0 
0 
Gain = 1 


1 
0 
0 
Gain = 2 
0 
1 
0 
Gain = 4 
1 
1 
0 
Gain = 8 
0 
0 
1 
Gain = 16 
1 
0 
1 
Gain = 32 
0 
1 
1 
Gain = 64 
1 
1 
1 
Gain = 128 


0= 
Low 
1 = High 
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13 
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~ 
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v· 
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GAIN 
ADJUST 
12 
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~ 
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PGA100 
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E 
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22 
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.. 


21 
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A, 
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A, 


"" 
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,. 
17 
18 
,. 
20 


" 
~ 
v· 


1 
IN, 
Z 
Z 


2 
.. 
IN, 
12 
GAINAOJUST 
I: 
GAIN 
ADJUST 
0 
l00kO 
•... 
3 
IN, 


11 
TCR 
<l00ppm/"C 0 


::> 
OUTPUT 
.. 
• 
IN, 
~ 
;J 
2. 
.MAXI.M 


Z 
IN, 


PGA100 
0 
i= 
23 
IN, 


i5C 
22 
IN, 
.. 
DIGITAL 
GND 


21 
INO 


"" 
A, 
A, 
A, 
A, 


1. 


RL 
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4-20mA 
LOOP 
IN7 
PGA100 
':" 
-10 TO 10V TRANSDUCER 
PROGRAM- 


FLOATING 
IN6 
MABLE 
GAIN 
MAX162 
AID 


BRIDGE 
STRAIN 
GUAGE 
CHANNEL 
IN5 
AMPLIFIER 
CONVERTER 


EXITATION 
THERMOCOUPLE 
CHANNEL 
1 
IN4 
THERMOCOUPLE 
CHANNEL 
2 
OUTPUT 
IN3 
COLD 
JUNCTION 
REFERENCE 
IN2 
GAIN 
REFERENCE 
INl 
ZERO 
REFERENCE 
INO 
CP 
CE 
AD-A5 


':" 
':" 
':" 
':" 
':" 


Power Supply Circuits 


MAX600 
MAX601 
MAX602 
MAX610 
MAX611 
MAX612 
MAX630/4193 
MAX631 
MAX632 
MAX633 
MAX634/4391 
MAX635 
MAX636 
MAX637 
MAX638 
MAX641 
MAX642 
MAX643 
MAX663 
MAX664 
MAX666 
MAX680 
MAX690 
MAX691 
MAX692 
MAX693 
MAX694 
MAX695 
MAX696 
MAX697 
MAX8211 
MAX8212 
ICL7660 
ICL7663 
ICL7664 
ICL7665 


Low Cost AC-DC 
Regulator 
(110/220VAC 
to 5VDC - 
Full Wave) 
. 


Low Cost AC-DC 
Regulator 
(110/220VAC 
to 5VDC - 
Half Wave) 
. 


Low Cost AC-DC 
Regulator 
(8V RMS to 5VDC - 
Full Wave) 
. 


AC-DC 
Regulator 
(110/220VAC 
to 5VDC - 
Full Wave) 
. 


AC-DC 
Regulator 
(110/220VAC 
to 5VDC ~ 
Half Wave) 
. 


AC-DC 
Regulator 
(8V RMS to 5VDC - 
Full Wave) 
. 


CMOS 
Micropower 
Step-up 
Switching 
Regulator 
. 


CMOS 
+5V Fixed/Adjustable 
Output 
Step-up 
Switching 
Regulator 
. 


CMOS 
+12V Fixed/Adjustable 
Output 
Step-up 
Switching 
Regulator 
. 


CMOS 
+15V Fixed/Adjustable 
Output 
Step-up 
Switching 
Regulator 
. 


CMOS 
Micropower 
Inverting 
Switching 
Regulator· 
. 
CMOS 
-5V 
Fixed/Adjustable 
Output 
Inverting 
Switching 
Regulator 
. 


CMOS 
-12V 
Fixed/Adjustable 
Output 
Inverting 
Switching 
Regulator 
. 


CMOS 
-15V 
Fixed/Adjustable 
Output 
Inverting 
Switching 
Regulator 
. 


CMOS 
+5V Fixed/Adjustable 
Step-down 
Switching 
Regulator 
. 


CMOS 
+5V Fixed/Adjustable 
10 Watt Step-up 
Switching 
Regulator 
. 


CMOS 
+12V Fixed/Adjustable 
10 Watt Step-up 
Switching 
Regulator 
. 


CMOS 
+15V Fixed/Adjustable 
10 Watt Step-up 
Switching 
Regulator 
. 


CMOS 
+5V1Adjustable 
Micropower 
Positive Voltage 
Regulator 
. 


CMOS 
-5V1Adjustable 
Micropower 
Negative 
Voltage 
Regulator 
. 
CMOS 
+5V1Adjustable 
Voltage 
Regulator 
with 
Low Battery 
Detect 
. 
+5V to ±10V 
Voltage 
Converter 
. 


Microprocessor 
Watchdog/Battery 
Switchover/Reset 
Generator 
. 
Microprocessor 
Watchdog/Battery 
Switchover/Reset 
Generator 
. 


Microprocessor 
Watchdog/Battery 
Switch over/Reset 
Generator 
. 


Microprocessor 
Watchdog/Battery 
Switchover/Reset 
Generator 
. 
Microprocessor 
Supervisory 
CircuiVBattery 
Switchover/Reset 
Generator 
. 


Microprocessor 
Supervisory 
CircuiVBattery 
Switchover/Reset 
Generator 
. 


Microprocessor 
Supervisory 
CircuiVBattery 
Switchover/Programmable 
Reset 
. 


Microprocessor 
Supervisory 
CircuiVProgrammable 
Reset 
. 


Programmable 
Voltage 
Detector 
. 


Programmable 
Voltage 
Detector 
. 


+5V to -5V Voltage 
Converter 
. 


Low 
Power, Programmable 
Positive Voltage 
Regulator 
. 


Low 
Power, Programmable 
Negative 
Voltage 
Regulator 
. 


Low 
Power 
Under/Over-voltage 
Detector 
. 


6-1 
6-1 
6-1 
6-5 
6-5 
6-5 
6-17 
6-29 
6-29 
6-29 
6-37 
6-49 
6-49 
6-49 
6-57 
6-65 
6-65 
6-65 
6-73 
6-73 
6-73 
6-81 
6-87 
6-87 
6-87 
6-87 
6-87 
6-87 
6-101 
6-101 
6-113 
6-113 
6-117 
6-125 
6-133 
6-139 


_______ 
Voltage Regulators & Converters 
linear Voltage Regulators 


Output 
Page 
Voltage 
Features 
No. 


Accuracy 


:t4% 
Full wave bridge 
6-1 


:t4% 
Half wave bridge 
6-1 


:t4% 
For use with isolation 
6-1 


transformer 


:t4% 
Full wave bridge 
6-5 


:t4% 
Half wave bridge 
6-5 


:t4% 
For use with isolation 
6-5 
transformer 


Part 
Quiescent 
Number 
Output 
Voltage 
Input Voltage 
Current 
(Typ/Max) 


AC-DC Regulators 
MAX600 
Rxed 5Vor 
1101220VAC 
7llf1A!150!1A 
1.3Vt09V 
MAX601 
Rxed5V 
1101220VAC 
7llf1A!150IJA 
MAX602 
Rxed 5Vor 
6to 9VAC 
70flAl15Q!1A 
1.3Vt08V 
MAX61 0 
Rxed5Vor 
1101220VAC 
7llf1A!150IJA 
1.3Vto 
9V 
MAX611 
Rxed5V 
110/220VAC 
7llf1A!150!1A 
MAX612 
Fixed 5Vor 
6t09VAC 
70flAl15Q!1A 
1.3Vt08V 


DC Linear Regulators 
MAX663 
Rxed5Vor 
2Vto 
16.5V 
6f1A1121JA 
1.3Vto 
15V 
MAX664 
Rxed-5Vor 
-2V to -16.5V 
6f1A112!1A 
-1.3Vto 
-15V 
MAX666 
Rxed5Vor 
2Vto 
16.5V 
6f1A112!1A 
1.3Vto 
15V 


ICL7663 
1.3Vto 
15V 
1.5V to 16V 
4itA/10!1A 
ICL7663A 
1.3Vto 
15V 
2.0Vto 
16V 
4itA/10!1A 
ICL76638 
1.3Vto 
10V 
1.5Vto 
10V 
4itA/10!1A 


ICL7664 
-1.3Vto-15V 
-2Vto-16V 
3 .5f1A11 OIJA 
ICL7664A 
-1.3V to -15V 
-2Vto-16V 
3 .5f1A11 OIJA 


DC-DC Converters 


±5% 
+5V or programmable 
output 
6-73 


±5% 
-5V or programmable 
output 
6-73 


±5% 
Rxed -5V or programmable 
6-73 


output voltage 
Low Battery Detector 


±SOlo 


±1% 
Accurate output voltage 
6-125 


±SOlo 


±8% 
Accurate output voltage 
6-133 


±1% 


Comments 
Page No. 
Part 
Number 


Boost Converters 
MAX630/4193 
MAX631 
MAX632 
MAX633 


2.0V to 16.5V 
VOUT> VIN 
Improved 
RC4193 2nd source 
6-17 


1.5Vt05.6V 
+5V 
Only 2 ex1ernal com ponents 
6-29 
1.5V to 12.6V 
+12V 
Only 2 ex1ernal components 
6-29 


1.5V to 15.6V 
+15V 
Only 2 ex1ernal components 
6-29 


2Vto 
16.5V 
upto 
-20V 
Improved 
RC4391 2nd source 
6-37 
2Vto 
16.5V 
-5V 
Only 3 ex1ernal components 
6-49 
2Vto 
16.5V 
-12V 
Only 3 ex1ernal components 
6-49 
2V to 16.5V 
-15V 
Only 3 ex1ernal components 
6-49 


3Vto 
16.5V 
VOUT> VIN 
Only 3 ex1ernal components 
6-57 


1.5Vt05.6V 
+5V 
Drives ex1ernal MOSFET 
6-65 
1.5V to 12.6V 
+12V 
Drives ex1ernal MOSFET 
6-65 
1.5V to 15.6V 
+15V 
Drives ex1ernal MOSFET 
6-65 


2.0Vto 
6.0V 
±10V(5VIN) 
4 ex1ernal capacitors 
6-81 
1.5Vto 
10V 
·VIN 
Not regulated 
6-117 


DC-DC Boost Converter 
DC-DC Boost Converter 
DC-DC Boost Converter 
DC-DC Boost Converter 


Inverting Converters 
MAX634/4391 
DC-DC Voltage Inverter 
MAX635 
DC-DC Voltage Inverter 
MAX636 
DC-DC Voltage Inverter 
MAX637 
DC-DC Voltage Inverter 


Step Down Converter 
MAX638 
DC-DC Voltage Stepdown 


Boost Converters 
MAX641 
MAX642 
MAX643 


High Power Boost Converter 
High Power Boost Converter 
High Power 800st Converter 


Charge Pump Converters 
MAX680 
± Output Charge Pump 
ICL7660 
Negative 
Charge Pump 


-------Supervisory 
Power Supply Circuits 
uP Reset, Power Fai' Detector, 
Battery Switchover, and Watchdog Timer 


Part 
Reset 
Supply 
Reset 
Battery 
Number 
Pins 
Level 
Current 
Delay 
Switch 
(Volts) 
(mA) 
(ms) 


4.65 
4 
50 
4.65 
4 
50' 
4.40 
4 
50 
4.40 
4 
50' 


MAX690 
MAX691 
MAX692 
MAX693 


6-87 
6-87 
6-87 
6-87 


MAX694 
MAX695 
MAX696 
MAX697 


4.65 
4.65 
Adj. 
Adj. 


200 
200' 
50' 
50' 


No 
No 
No 
Yes 


Yes 
Yes 


Yes 
Yes 


6-87 
6-87 
6-101 
6-101 


Part 
Description 
Supply Voltage 
Number 
Range 


MAX8211 
Single Channel, 
2.0V to 16.5V 
Non-inverting voltage detector 
MAX8212 
Single Channel, 
2.0V to 16.5V 
Inverting voltage detector 


ICL7665 
Two Channels: one inverting, 
1.6Vto 16.0V 
one non-inverting 
ICL7665A 
Two Channels: one inverting, 
2.0Vto 16.0V 
one non-inverting 


Supply Current 
Threshold 
Page 
(typ/max) 
Accuracy 
No. 


5J>AI1s,.A 
±3.5% 
6-113 


5J>AI1s,.A 
±3.5% 
6-113 


2.5J>AI1 OvA 
±7.5% 
6-139 


2.5J>AI1 OvA 
±2% 
6-139 


------- 
Gener.' Description 


The 
MAX600 
family 
of AC to DC Power 
Converters 
minimizes 
the cost, simplifies 
the design, and reduces 
the 
component 
count, 
size, 
and 
weight 
of 
'h watt 
power 
supplies. 
With 
an 8 VRMS 
input 
voltage 
the 
MAX600 
needs only 
a single 
filter 
capacitor 
to make 
a complete 
Sv, 100mA power supply. With the addition 
of a current 
limiting 
resistor 
and 
a current 
limiting 
capacitor, 
the 
MAX600 
connects 
directly 
to the 
100 
VAC 
or 
220 
VAC 
power 
line 
to 
make 
a minimum 
component 
count 
110/220VAC 
to SVDC power supply. 


The three 
members 
of the 
MAX600 
family 
differ 
in 
three 
respects: 
full or half wave rectification, 
12V or 
18V zener voltage, 
and the assignment 
of pin 4 to the 
function 
of setting 
the output 
voltage 
or setting 
the 
time 
delay. 
The 
MAX600 
has a full 
wave rectifier, 
a 
12V zener, 
and 
the 
output 
voltage 
is either 
the 
in- 
ternally 
preset 
+SV or user adjustable 
from 
1.3 to 9V. 
The MAX601 
has a half wave rectifier, 
a 12V zener, a 
fixed 
SV output, 
and pin 4 controls 
the time delay of 
the reset output. 
The MAX602 has a full wave rectifier, 
an 
18V zener, 
and 
the 
output 
voltage 
is either 
the 


internally 
preset 
+SV or user adjustable 
in the range 
of +1.3V to +1SV. 


For more 
detailed 
application 
information 
on AC to 
DC Regulators, 
refer to the MAX610/11/12 data sheet. 


----- 
Applications 


Minimum 
Component 
Count 
Power Supplies 
Uninterruptable 
SV Power Supplies 
Precision 
Battery 
Chargers 
Line Powered 
Appliances 
Industrial 
Controls 
Off Line Instruments 
Triac Output 
Power Controllers 


Rl. 
CI· 
4711 
1.5~F 
II2W 
I50VRMS 
7 
~ 
ACI 
I lMll I 
1_•••••••• 
_1 


+5V 
REGULATED 
DC 


• FOR 220VAC SOIlz INPUT, 


RI = loon. 
1 W 
Cl = I~F. 28O'IRMS 


FOR 220VAC 60IIz INPUT, 


Rl = loon. 
1 W 
CI = O.82~F. 2llO'IRMS 


~~I~JXI~~I 
AC Jb DC Regulator 
(110/220VAC 
To5.0VDC) 


- 
Features 


• 
Direct 
110/220VAC to 5VDC 
Conversion 


• 
Minimum 
External 
Component 
Count 


• 
Output 
Voltage 
Preset to 5V ±4% 


• 
70J.lA Typical 
Quiescent 
Current 


• 
Over/Undervoltage 
Detection 


• 
Power-up 
Reset Circuit 
with Programmable 
Delay 


• 
Programmable 
Current 
Limiting 


• 
Programmable 
Output 
Voltage: 
1.3V to 15V 


• 
Low Cost, 
Limited 
Temperature 
Range 
Alternative 
to MAX610/11112 


PART 
TEMP. RANGE 
PACKAGE 


MAX6DDLPA2 
DOC to +5DoC 
8 Lead 
Plastic 
Dip 


MAX6D1LPA2 
DOC to +5DoC 
8 Lead 
Plastic 
DIP 


MAX6D2LPA2 
DOC to +5DoC 
8 Lead 
Plastic 
Dip 


.MAXI.M 


MAX600 
AND 
MAX602 


AC To DC Regulator 
(110/220VAC 
To 5.0VDCJ 


Operating 
Temperature 
Range 
O°C to +50°C 
Maximum 
Junction 
Temperature 
+125° C 
Storage 
Temperature 
Range. 
. . . . . . . . . . • . .. 
-65°C 
to +150°C 
Lead 
Temperature 
(Soldering. 
10 seconds) 
.....•....• 
+300° 
C 
Power 
Dissipation 
@ 25° C 
........................• 
750mW 
derate 
8mW/C 
above 
25°C. 
Input 
Current 
MAX601 
AC1, 
V·; 250/,s 
non-repetitive 
pulse 
..•....... 
, 
SA 
AC1, 
V-; continuous 
, 
, 
180mA 
RMS 
V+ 
..............................•.....•... 
150mA 
MAX600, 
MAX602 
AC1, 
AC2; 
250/,s 
non·repetitive 
pulse 
SA 
AC1, 
AC2; 
continuous 
" 
.•.....•. 
120mA 
RMS 
V+ .•. 
, •................... 
,.,.............. 
150mA 
All 
other 
terminals 
10mA 


Input 
Voltage 
MAX600, 
MAX601 
(Note 
1) 


AC1, 
AC2 
. 
V+ 
. 
MAX602 
AC1, 
AC2 
., 
............•...................... 
17V 


V+ 
................•......................... 
16.2V 


All 
other 
terminals 
(V' 
- 0.3V) 
to (V+ + 0.3V) 


Output 
Current 
V+, VOUT 
.................•..........•.•...... 
150mA 


OUV 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . •. 
10mA 


Note 
1: The 
maximum 
input 
voltage 
may 
be 
exceeded 
if 
the 


maximum 
input 
current 
and 
power 
dissipation 
specifications 
are 


observed. 


Stresses above those/isted 
under "Absolute Maximum 
Ratings" may cause permanent 
damage to the device. These are stress ratings only, and functional 


operation 
of the d9vice at these or any other conditions 
above those indicated in the operational 
sections of the specifications 
is no implied. Exposure to 


absolute maximum 
ratings conditions for extended periods may affect device reliability. 


ELECTRICAL CHARACTERISTICS 


(T A = 25°C, 
V+ = 10V, RSENSE = on, V SET connected 
to V· unless 
noted) 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Diode 
Forward 
Voltage 
VF 
IF= 
1mA 
0.62 
V 


IF = SOmA 
1.1 
2.0 


Iz = SOmA, 
Measure 
at v+ 
Zener 
Voltage 
Vz 
MAX600, 
MAX601. 
12.4 
V 


MAX602 
18.6 


Iz = SOmA 
Zener 
Dynamic 
Resistance 
Rz 
MAX600, 
MAX601, 
6 
n 


MAX602 
9 


0.5mA"; 
lOUT"; 
50mA 
Preset 
Output 
Voltage 
VOUT 
TA = 25°C 
4.80 
5.00 
5.20 
V 
O°C ,,; TA"; 
+50°C 
4.75 
5.00 
5.25 


Temperature 
Coefficient 
il.VOUT 
O°C ~ TA 5 +50°C 
±100 
ppmJOC 


of Output 
Voltage 
I.\T' 


Internal 
Voltage 
Reference 
VSET 
MAX600, 
MAX602 
1.3 
V 


Line 
Regulation 
(DC 
Input) 


il.VOUT 
8V,,; 
V'''; 
Vz 
0.25 
%/V 
!i'T 


aVOUT 
lOUT = 10mA 
Line 
Regulation 
(AC 
Input) 
il.VAC 


70V RMS < V,N < 140V RMSor 
0.001 
%/V 


140V RMS < V IN < 280V RMS 
0.001 


Output 
Impedance 
~ 
lOUT Changing 
from 
0.6 
2.0 
n 
il. OUT 
1mA 
to 51mA 


Input-Output 
Voltage 
Differential 
V' 
- VOUT 
lOUT = 25mA 
1.1 
2.0 
V 


V SET Input 
Current 
ISET 
0.01 
100 
nA 


Supply 
Current 
Total 
I' 
70 
150 
/'A 


Overvoltage 
Detection 
VOUVH 
Measured 
at V SENSE 
5.4 
5.65 
V 
Voltage 


Undervoltage 
Detection 
VOUVL 
Measured 
at VSENSE 
4.35 
4.65 
V 
Voltage 


OUV 
Output 
Leakage 
louv 
V SENSE= 5V. OUV 
= 5V 
0.001 
10 
p.A 


OUV 
Output 
Voltage 
VSENSE ;0, 5.65V 
or 
Vouv 
V SENSE"; 4.35\1, 
0.4 
V 


louv 
= 1mA 


Reset 
Time 
Delay 
tOELAY 
MAX601, 
C3 = 0.01p.F 
30 
ms 


Reset 
Pin 
Threshold 
VTH 
MAX601, 
V' 
= Vz 
8.0 
V 


AC 7b DC Regulator 
(110/220VAC 
7b 5.0VDCJ 


PIN 
PIN. 
DESCRIPTION 


ACl 
7 
AC input to the internal 
diode 
rectifier. 


AC2 
1 
Second 
AC input to the full wave 
(MAX600/02) 
bridge 
rectifier. 


N/C 
1 
This pin is not connected 
on the 
(MAX601) 
MAX601. 


V- 
2 
Negative 
output 
terminal. 
This terminal 
is 
also an AC input for the half wave rectifier 
of MAX601. 


VOUT 
6 
Positive 
regulated 
DC output. 


VSENSE 
5 
Current 
limit input. The output 
short circuit 
current 
limit is O.6V1RsENSE,where RSENSE 
is a current 
sensing 
resistor 
connected 
between 
VOUT and VSENSE. 


OUV 
3 
This open drain pin goes low during 
undervoltage 
and overvoltage 
conditions. 
The undervoltage 
and overvoltage 
thresholds 
are fixed at 4.65V 
(undervoltage) 
and 5.4V (overvoltage) 
and 
do not change, 
even if the output 
voltage 
is 
changed 
via the VSET terminal. 


PIN 
PIN. 
DESCRIPTION 


V· 
8 
Positive 
unregulated 
or raw DC output 
of 
the rectifier. 
The raw DC filter capacitor 
connects 
to this terminal. 


RD 
4' 
An external 
capacitor 
connected 
to the 
(MAX601) 
Reset Delay pin determines 
the Reset 
Delay period. 
The reset time delay is 
directly 
proportional 
to the capacitance 
connected 
to this pin; each O.Q1~Fof 
capacitance 
results in 30 milliseconds 
of 
delay. This delay period 
must elapse before 
the ReseVOUV 
pin goes high after an 
overvoltage 
or undervoltage 
condition. 


VSET 
4 
If the VSET terminal 
is grounded, 
the 
(MAX600/02) 
MAX600 and MAX602 output 
voltage 
will 
be the preset 5V ±4%. Alternatively, 
the 


VSET input can be used to set the output 
voltage to any voltage 
from 1.3V to 15V 
(MAX602) 
or 1.3V to 10V (MAX600 and 
MAX601j, 
using a simple 
resistive voltage 
divider. 


OVER/UNDER 
RESET DELAY 
VOLTAGE 
DUV 
DETECTOR 
AND DELAY 


Vour 


It4V 
SERIES 
ZENER 
REGULATOR 
Vaull 


Rt 
470 
CI 


1/2W 
2~F 


Atl 
VOUT 


117'IAC 
liMn 
I 
PDWER 
L_ •••••••••_J 
VauSE 
LINE 
N1AXINI 
OUV 
N/C 
MAX601 


470~F 


JI5V 


+12V 
OUTPUT 


LEVEL SlIIFTER 
DR DPEN 
CDLLECTOR 
BUFFER SUCH 
AS MCI4504 
OR MM741:1I07 


+IDV 
UNREGULATED 
DC 


AC To DC Regulator 
(110/220VAC 
To 5.0VDCJ 


Cautions and 
Component 
Selection 


1) Unless driven 
by a transformer, 
the 5V output 
of 


the MAX600101/02 
is NOT ISOLATED 
from the power 
line and all circuitry connected to the MAX600/01/02 should 
be treated 
as if it were 
directly 
connected 
to the 


power 
line. The MAX6ool01/02, 
its circuitry, 
and all 


components 
driven by the 5V output present a shock 


hazard and should 
be in a protective 
enclosure 
to 


prevent accidental 
contact. 


2) Use an isolation 
transformer 
or ground 
fault inter- 
rupter (GFI) when breadboarding, 
testing, or trouble- 
shooting 
a MAX600 family 
based line-power 
supply 
or any circuitry 
powered by the MAX600 family. If the 
MAX600101/02 
is connected 
directly 
to the 
power 


line, do NOT connect 
the ground 
of an oscilloscope 


to the circuit 
- 
this will severely damage the oscil- 


loscope and destroy the MAX600101/02. 


EXAMPLE 
FORMULA 
In 
COMMENTS 
FIGURE 


VOUT; 
SV ± 4%. V SET Grounded 
1 


VOUT; 
1.3V (1 + ~;) 
4 
MAX600 
and 
MAX602 


'OUTIMAXI ; C1 x 4 .J2 X VRMS X F'N 
1 
Full 
wave- 


MAX600. 
MAX602 


IOUTIMAX) ; C1 x 2 ,j2 X VRMS X F'N 
2 
Half 
wave- 
MAX601 


ICURRENT LIMIT; 
O.6V 
4 


RSENSE 


C1 ; 
IOUTIMAXI 
1 
Full 
wave- 


(VRMS - VOUT) x 4 J'2. X F'N 
MAX600. 
MAX602 


C1 - 
IOUTlMAX) 
2 
Half 
wave- 


- (VRMS - VOUT) 
x 2 \/2 X F'N 
MAX601 
Time 
delay; 
C3 x 3 
2 
MAX6010nly 
(in sees) 
(in I'F) 


Current Limiting capacitor, C 1 


This capacitor 
is the most critical 
component 
for a 
110/220VAC input power supply based on the MAX601 
family. 
It must continuously 
withstand 
the full 
line 
voltage 
so it should 
be rated for AC operation. 
A 


conservative 
designer will use a capacitor 
rated for at 
least 150VRMS working 
voltage for 110VAC circuits, 


and at least 280VRMS for 220VAC or 240VAC circuits. 
This capacitor 
must be a NON-POLARIZED 
capaci- 


tor such as polyester (Mylar'") or polypropylene 
metal- 
lized 
film. 
Metallized 
film 
capacitors 
are preferred 
over metal foil capacitors 
since metal foil capacitors 


are more likely to fail as a short circuit than are metal- 
lized film capacitors. 


The value of C1 determines 
both the power dissipa- 


tion of the MAX600101/02 
and the maximum available 
output 
current. 
The value of C1 should 
be the smal- 


lest value that will deliver the desired output 
current 


RSUSE 


ACI 
VOUT 
Vou, 


Vsuse 
R2 


AC2 
_-"XI_ 
V,., 


MAX600 


R3 


OUV 


v- 
v+ 


2 


+12V 


':' 
J 


at minimum 
line voltage, since the power dissipated 


by the MAX600101/02 increases with increasing values 
of C1. Table 1 gives the formula 
for calculating 
C1 as 


a function 
of the desired output current. 


Current Limiting Resistor, R1 


R1 limits 
the 
maximum 
peak 
current 
that 
occurs 


when power is first applied to the MAX600 just as the 
power line voltage 
is at its maximum. 
The instanta- 


neous peak current 
must be limited to 5 Amps. 
For 


110VAC input voltage R1 must be 330 or greater; for 
220VAC input voltage R1 must be 680 or greater. The 
recommended 
values are 470 for 110VAC and 1000 


for 220VAC. The power dissipation 
in R1 is constant, 


independent 
of the load current. 


With 110VAC 60Hz input 


Pd(R1) 
=1.6x 
C1 x R1 
(in mW) 
(in I-lF) (in 0) 


With 220VAC 50Hz input 


Pd(R1) 
= 2.7 x C1 x R1 
(in mW) 
(in I-lF) (in 0) 


Raw DC Filter capacitor, C2 


This capacitor 
is normally 
an aluminum 
or tantalum 


electrolytic 
capacitor. C2 is ordinarily 
471-lFwhen the 


MAX600102 
are driven 
from 
the 
110/220VAC 
power 


line. The half wave MAX601 requires larger values for 
C2 since 
the output 
current 
is supplied 
by C2 for 


one-half of each line cycle. 


Adjustable Output Voltage 


The MAX601 output voltage is fixed at 5V ± 4%. The 
MAX600 and MAX602 output 
voltages can be set to 


5V ± 4% by simply 
connecting 
the VSETterminal 
to 


V-; other output voltages can be selected by connec- 
ting an external 
resistive voltage divider between the 


output 
and VSETas shown in Figure 4. Calculate the 


resistor values for other voltages using the formula in 
Table 1. 


At! 
VOUT 
+5V DC 
OUTPUT 


At2 
VSENSE 


VSET 


.MAXI.M 
OUV 
TO "p 
MAX610 
RESET 
HIe 
1 


.MAXI.M 


V- 
V+ 
MAX611 


+12V DC 
OUTPUT 
,h 


_______ 
General Description 


The 
MAX610 family 
of AC to DC Power 
Converters 
minimizes 
the cost, simplifies 
the design, and reduces 
the 
component 
count, 
size, and weight 
of 1/2 watt 
power 
supplies. 
With 
an 8 VRMS 
input 
voltage 
the 
MAX610 needs only a single filter capacitor 
to make a 
complete 
5V, mOmA power supply. With the addition 
of 


a current 
limiting 
resistor 
and 
a current 
limiting 


capacitor, 
the MAX610 connects 
directly 
to the 110VAC 


or 220VAC power line to make a minimum 
component 


count 
110/220VAC to 5VDC power supply. 


Thethree 
members 
of the MAX610family 
differ in three 
respects: full or half wave rectification, 
12V or 18V zener 


voltage, 
and the assignment 
of pin 4 to the function 
of 


setting the output voltage or setting the time delay. The 
MAX610 has a full wave rectifier, 
a 12V zener, and the 
output voltage is either the internally 
preset +5V or user 


adjustable 
from 1.3 to 9V. The MAX611 has a half wave 


rectifier, 
a 12V zener, 
a fixed 
5V output, 
and 
pin 4 


controls 
the time delay of the reset output. The MAX612 


has a full wave rectifier, 
an 18V zener, and the output 


voltage 
is either 
the 
internally 
preset 
+5V or 
user 
adjustable 
in the range of +1.3V to +15V. 
__________ 
Applications 


The MAX610 family is ideal for applications 
where size, 
weight, 
component 
count, 
and cost of 1/2 watt power 


supplies 
must be reduced. 
The reliable powerup 
reset 


and over/undervoltage 
detection 
makes the MAX610 


family well suited for microprocessor 
based controllers. 


Minimum 
Component 
Count 
Power Supplies 
Uninterruptable 
5V Power Supplies 
Precision 
Battery 
Chargers 
Line Powered 
Appliances 
Industrial 
Controls 
Off Line Instruments 
Triac Output 
Power Controllers 


Typical Operating 
Circuit 


~~I~JXI~~I 
AC To DC Regulator 
(110/220 
VAC To 5.0V DC) 


____________ 
Features 


• 
Direct 
110/220VAC to 5V DC Conversion 


• 
Minimum 
External 
Component 
Count 


• 
Output 
Voltage Preset to 5V ±4% 


• 
70llA Typical 
Quiescent 
Current 


• 
Over/Undervoltage 
Detection 


• 
Power-up 
Reset Circuit 
with Programmable 
Delay 


• 
Programmable 
Current 
Limiting 


• 
Programmable 
Output 
Voltage: 1.3V to 15V. 


PART 
TEMP. RANGE 
PACKAGE 


MAX610CPA 
DOC to +7DoC 
8 Lead Plastic 
DIP 


MAX611 CPA 
DOC to +7DoC 
8 Lead 
Plastic 
DIP 


MAX612CPA 
DOC to +7DoC 
8 Lead 
Plastic 
DIP 


AC ToDC Regulator 
(110/220 
VAC To 5.0V DC) 


Operating 
Temperature Range 
O°C to +70°C 


Maximum Junction 
Temperature 
...........••...... 
+125°C 


Storage Temperature Range 
-65°C to +150°C 


Lead Temperature (Soldering, 
10 seconds) 
+300°C 
Power Dissipation 
@ 25°C 
.....................••. 
750mW 


derate 8mW/C above 25°C. 
Input Current 


MAX611 
AC1, V-; 250/,s non-repetitive 
pulse 
SA 
AC1, V-; continuous 
180mA RMS 


V' 
...........................•.......... 
150mA 


MAX610. MAX612 


AC1, AC2; 250/,s non-repetitive 
pulse 
SA 
AC1, AC2; continuous 
120mA RMS 
V' 
150mA 
All other terminals. 
. . . . . . . . . . . . . • . . . . . . . . . . . . .. 
10mA 


Input Voltage 
MAX610, MAX 611 (Note 1) 


AC1, AC2 ...................•.........•.... 
11.5V 


V' 
...............••............••...•.... 
10.8V 


MAX612 
AC1, AC2 .........•...........•..•...•.•.••.. 
17V 
V' 
...............................•.•...... 
16.2V 


OUV 
(V- - 0.3) to +16V 


All other terminals ..•.....•...... 
(V- - 0.3V) to (V' + 0.3V) 


Output Current 
V', VOUT......•••....••..•.••................ 
150mA 


OUV 
10mA 


Stresses above those listed under "Absolute Maximum 
Ratings" may cause permanent damage to the device. These are stress ratings only, and functional 


operation 
of the device at these or any other conditions 
above those indicated in the operational 
sections 01 the specifications 
is no implied. Exposure to 


absolute maximum 
ratings conditions for extended periods may affect device reliability. 


ELECTRICAL CHARACTERISTICS 
(TA = 25°C, V+ = 10V,RSENSE= 00, VSETconnected to V- unless noted) 


INPUT RECTIFIER AND ZENER 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Diode Forward Voltage 
VF 
IF= 1mA 
0.62 
V 


'F = SOmA 
1.1 
2.0 
V 


Iz = SOmA, Measure at V+ 
Zener Voltage 
Vz 
MAX610, MAX611, 
12.4 
V 


MAX612 
18.6 
V 


Iz = SOmA 
Zener Dynamic Resistance 
Rz 
MAX610, MAX611, 
6 
0 


MAX612 
9 
0 


0.5mA';; 
'OUT';; SOmA 
Preset Output Voltage 
VOUT 
TA=25°C 
4.80 
5.00 
5.20 
V 


O°C ,;;T A-5, +70°C 
4.75 
5.00 
5.25 
V 


Temperature Coefficient 
d~'fT 
0°C,;;TA';;+70°C 
±100 
ppml"C 
of Output Voltage 


Internal Voltage Reference 
VSET 
MAX610, MAX612, 
1.3 
V 


Line Regulation 
(DC Input) 
d~6~T 
8V,;; V',;; Vz, Figure 7 
0.25 
%/V 


'OUT= 10mA 
IN 
70VRMS< V'N < 140VRMSor 
0.001 
%/V 
Line Regulation 
(AC Input) 
d1;91~ 
140VRMS< V'N < 280VRMS 
0.001 
%N 


Figure 3, 4 


dV 
'OUTchanging 
from 
0.6 
2.0 
0 
Output Impedance 
dl~~~ 
1mA to 51mA 


Input-Output 
Voltage Differential 
V'-VOUT 
'OUT= 25mA 
1.1 
2.0 
V 


VSETInput Current 
ISET 
0.01 
100 
nA 


Supply Current 
I' 
70 
150 
/'A 


ELECTRICAL CHARACTERISTICS 
(Continued) 


(TA: 25°C, v+ : 10V,RSENSE: on, VSETconnected 
to V- unless noted) 


OVER VOLTAGE DETECTOR 


AC ToDC Regulator 
(110/220 
VAC To 5.0V DC) 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Overvoltage 
Detection 
VOUVH 
Measured at VSENSE 
5.4 
5.65 
V 
Voltage 


Undervoltage 
Detection 
VOUVL 
Measured at VSENSE 
4.35 
4.65 
V 
Voltage 


OUV Output Leakage 
louv 
VSENSE:5V, OUV : 5V 
0.001 
10 
p.A 


OUV Output Voltage 
VSENSE;::,5.65V or 
Vouv 
VSENSEoS 4.35V, 
0.4 
V 
louv: 
1mA 


Reset Time Delay 
tOELAY 


Figure 10A, MAX611 Only 
30 
ms 
C3: 
0.01p.F 


Reset Pin Threshold 
VTH 
MAX611 Only 
8.0 
V 
V+: 
Vz 


PIN 
PIN # 
DESCRIPTION 


ACl 
7 
AC input to the internal diode 
rectifier. 


AC2 
1 
Second 
AC input 
to the full wave 
(MAX610/12) 
bridge rectifier. 


N/C 
1 
This pin is not connected 
on the 


(MAX611) 
MAX611. 


V- 
2 
Negative 
output 
terminal. 
This 
terminal 
is also an AC input for the 


half wave rectifier 
of MAX611. 


Your 
6 
Positive regulated 
DC output. 


VSENSE 
5 
Current 
limit input. The output short 
circuit 
current 
limit is O.6V1RSENSE. 


where RSENSEis a current 
sensing 
resistor 
connected 
between 
VOUT and 


VSENSE· 


mw 
3 
This open drain pin goes low during 
undervoltage 
and overvoltage 
conditions. 
The undervoltage 
and 


overvoltage 
thresholds 
are fixed at 


4.65V (undervoltage) 
and 5.4V 
(overvoltage) 
and do not change, even 


if the output voltage is changed via the 
VSET terminal. 


PIN 
PIN # 
DESCRIPTION 


V· 
8 
Positive unregulated 
or raw DC output 
of the rectifier. The raw DC filter 
capacitor 
connects 
to this 


terminal. 


AD 
4 
An external capacitor 
connected 
(MAX611) 
to the Reset Delay pin determines 
the 


Reset Delay period. The reset time 
delay is directly 
proportional 
to the 
capacitance 
connected 
to this pin; 


each 0.011-JFof capacitance 
results in 
30 milliseconds 
of delay. This delay 
period must elapse before the 
ResetlOTIV pin goes high after an 
overvoltage 
or undervoltage 
condition 


- 
see Figure 10. 


VSET 
4 
11the VSET terminal 
is grounded, 


(MAX610/12) 
the MAX610 and MAX612 output 
voltage will be the preset 5V ±4%. 
Alternatively, 
the VSET input can be 


used to set the output voltage to any 
voltage 
from 
1.3V to 15V (MAX612) 
or 


1.3V to 10V (MAX610 and MAX611), 
using a simple resistive voltage divider 
- 
see Figure 8. 
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_______ 
Typical Applications 


Simple Line-Powered 
5V Supply 


Figure 3 shows a SOmA,SV power supply using the full 
wave 
MAX610. Typical 
component 
values 
for 
both 
110VAC and 220VAC SO/60Hz operation 
are shown. 
The output 
of this power supply 
is NOT ISOLATED 
from the power line: the MAX610 and any equipment 
powered 
by the MAX610 must be enclosed to avoid 
shock 
hazards, To avoid 
a second 
potential 
shock 
hazard, include 
the optional 
1MO resistor shown 
in 
dotted lines. This resistor will discharge the voltage left 
on C1 when the 110/220VAC is disconnected. 


1101220VAC to 511, Half Wave Rectification 


Figure 4 shows a SOmASV power supply using the half 
wave MAX611. The circuit 
differs from Figure 3 in that 
the SV output is referenced to one side of the 110VAC 
power 
line. 
This 
circuit 
is generally 
preferred 
for 
systems that control triacs, where it is desired to have 
V- connected 
to the power line. Note that for a given 
amount of output current, the value of C1 must be twice 
the value used in the full wave circuit 
of Figure 3. As 
with 
all MAX610 family 
circuits 
that 
do 
not use a 
transformer 
to isolate the circuit, 
this circuit 
is NOT 
ISOLATED 
from the power line. 


Minimum 
Component 
Count 511, 10mA Power Supply 


For output currents of less than 10mA capacitor 
C1 of 
Figure 3 can be omitted, resulting in the circuit shown 
in Figure 5. The available output current is determined 
by the value of R1. For example, with R1 = 8.2kO, the 
available 
output 
current 
is 10mA, while 
the 
power 
dissipation 
in R1 is 1.3W. Double both the resistance 
value and the wattage rating of R1 for use with 220VAC 
input. 


Transformer Isolated 5V Power Supply 


If isolation 
from the power 
line is required, 
use the 
MAX612 in the circuit 
of Figure 6. The MAX612 must 
have an input voltage of at least 8V peak to maintain a 


RI' 
CI' 


47fi 
1.5~f 
112W 
lSOVRMS 
7 


~ 
ACI 


117VAC 
l_~~~_J 
60Hz 


• fOR 220VAC 50Hz INPUT, 


RI = loon, 
I W 
Cl = I~f. 
280VRMS 


fOR 220VAC 60Hz INPUT, 


RI = loon. 
1 W 
CI = 0.82~f. 
280VRMS 


regulated SV output, 
but the peak transformer 
output 


voltage 
must 
not exceed 
17V unless the current 
is 


limited as shown in Figures 3 and 4. The AC input line 
voltage can range from 80VRMS to 160VRMS with the 
8VRMS nominal transformer 
voltage shown. 


The 
MAX612 
power 
dissipation 
is approximately 


(VIN(peak)- VOUT)x ILOAD.With the8VRMS transformer 
shown, the power dissipated 
in the MAX612 limits the 


maximum 
output 
current 
to 100mA at 25°C ambient 


and 30mA at 70°C. If the 8V transformer 
is replaced by 


a 6.3V transformer, 
the maximum 
output 
current 
in- 


creases to 1S0mA at 25°C, but the minimum 
input line 


voltage 
to maintain 
output 
voltage 
regulation 
is in- 
creased to 100VRMS. When using a 6.3VRMS trans- 
former, the filter capacitor 
connected 
to V+ must be 


increased 
to 
2200",F to 
ensure 
that 
the 
minimum 


voltage at V+ is greater than 6V throughout 
each line 


cycle. 


Resistor R1 limits the peak input current, 
but is not 


needed if the transformer 
impedance 
limits the peak 


current to a suitable value. As a rule of thumb, R1 can 
be omitted 
if the short 
circuit 
output 
current 
of the 


transformer 
is less than 2 Amps. 
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OUV 
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280VRMS 
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RI = loon. 
I W 
CI = 1.5~f. 280VRMS 
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Atl 


BVRMS 
VSUSE 


.NIAXI.NI 
_3 
TO ~P 
At2 
MAX612 
OUV 
iiffiT 


+lOV 
UNREGULATEO 


OC 


DC Input 5V Power Supply 


The MAX610 family can also be powered 
by a DC input 
at the V+ pin, as shown 
in Figure 7.The MAX610/11/12 


typically 
use only 70jJ.A of quiescent 
current, 
and can 
supply 
up to 150mA at 5V.The power dissipation 
in this 
mode of operation 
is simply 
calculated 
as 


Pd = (VIN - VOUT) X lOUT. 


The MAX610 family has a very low minimum 
VIN - VOUT 


or dropout 
voltage; they need only 6.5V input to deliver 


150mA at 5V. 


The MAX612 can be used with input voltages 
up to 16V. 


The 
MAX610 
and 
MAX611 are suitable 
for 
use with 


input voltages 
up to 10V. 


Adjustable 
Output Voltage 


The MAX611 output 
voltage 
is fixed 
at 5V ± 4%. The 


MAX610 and MAX612 output voltages can be set to 5V ± 
4% by simply 
connecting 
the VSETterminal 
to V-; other 
output 
voltages 
can 
be selected 
by connecting 
an 


external 
resistive 
voltage 
divider 
between 
the output 


and VSET as shown 
in Figure 8. Calculate 
the resistor 


values for other voltages 
using the formula 


VOUT = 1.3V x (1 + R2). 


R3 


The maximum 
input voltage to the MAX612 is limited to 
16V, enabling 
the MAX612 to supply 
any voltage 
from 


1.3V to 15V.The maximum 
input voltage to the MAX610 


is 10V, and the MAX610 can supply 
any output 
voltage 


from 
1.3V to 9V. 


The output 
voltage of the standard 
MAX610 is set to 5V 


± 4% with an undervoltage 
trip point 
of 4.65V and an 
overvoltage 
trip 
point 
of 5.4V. Other 
output 
voltages 
are available 
through 
fusible 
link programming. 
The 
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E 
+85 
TO+16V 
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+5V 
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V+ 


Atl 
VSlHSE 
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.NIA X I.NI 
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VOUT 
Atl 
Your 
+1.3V TO 
+9V 


YSENSE 
R2 


At2 
.NIAXI.NI 
VSH 
MAX610 


R3 


OUV 
':' 


V- 
V+ 


2 


.12V 
,h 
VOUy= 1.3(1+~) 


overvoltage 
and undervoltage 
trip 
points 
are fixed 
at 
~ 
107% and 
93% of 
the 
pretrimmed 
output 
voltage. 
••• 
Consult 
factory 
regarding 
availability 
and 
minimum 
order requirements 
for preset voltages 
other than 5V. 


Output Circuit Current Limiting 


Figure 
9 shows 
how a resistor, 
RSENSE,can be added 
to any of the above 
circuits 
to provide 
short 
circuit 
current 
limit protection. 
A voltage 
difference 
between 
VSENSEand VOUT greater 
than a base-emitter 
voltage 
(approximately 
0.6V) 
activates 
the 
MAX610/11/12 
output 
current 
limit protection 
circuitry. 


I 
0.6V 
CURRENTLIMIT = 
RSENSE 


When 
current 
limiting 
occurs, 
the voltage 
at VSENSE 
will fall below 4.65V, causing the OUV output to go low. 


AC To DC Regulator 
(110/220 
VAC To 5.0V DC) 


Powerup Reset Delay 


The MAX611 differs from the MAX610/12 in that MAX611 
pin 
4 controls 
a reset 
delay 
period, 
whereas 
the 
MAX610/12 
pin 4 is used to adjust the output 
voltage. 


Both the MAX610/12 GUV pin and the MAX611 GUV pin 
go low immediately 
the output 
voltage goes below the 


undervoltage 
or above the overvoltage 
threshold. 
The 
MAX610/12 
OUV 
pin 
will 
go 
hi~mmediately 
the 


output 
returns to 5V. The MAX611 OOV pin will go high 
only after the output 
has been at 5V for a delay period 
determined 
by the 
value 
of a capacitor 
connected 
between 
V- and pin 4 of the MAX611. This makes the 
GUV output 
well suited 
for driving 
the reset input 
of 


microprocessors. 


Upon power-up 
the MAX611 OUV output 
will stay low 
until 
the output 
has been at 5V for the length 
of the 


delay period. This provides a reliable power-up 
reset to 


the microprocessor. 
Whenever the MAX611 output falls 
below 4.65V (as during 
a brownout), 
the OOV pin will 
go 
low, 
resetting 
the 
microprocessor. 
The 
output 


voltage 
must remain 
above 4.65V for the entire delay 
period 
before the OOV pin will go high: each time the 


voltage 
falls 
below 
4.65V the 
reset 
delay 
period 
is 
restarted. 


The delay period 
is approximately 
30 milliseconds 
for 
each 0.01 J.LF of capacitance. 
Leave pin 4 floating 
if this 
additional 
delay is not desired. 
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+12V Output 
for Driving 
Trlacs, Relays and MOSFETs 


In some circuits 
a voltage 
higher than 5V is needed to 
drive relays, triacs, or power 
MOSFET 
gates. The DC 
output voltage at V+ is +12V (+18V for MAX612) and can 
be used to trigger 
triacs as shown 
in Figure 11.The V+ 
voltage 
is equal to the MAX610/11 
zener voltage 
until 
the load current 
(total current drawn from the +12V and 
the +5V) approaches 
the maximum 
available 
output 


current 
(40mA 
for each 
IlF of C1 capacitance 
with 
110VAC 60Hz input, 70mAIIlF 
with 220VAC 50Hz input). 
The 
ripple 
on 
the 
+12V is relatively 
low. With 
the 
components 
shown 
in Figure 
11 the ripple voltage 
is 
about 5mV peak-peak 
at 10mA load current 
and 20mV 
at 40mA load current. 


Increasing 
Output 
Current 


The maximum 
allowable 
value for C1, and therefore the 
output 
current 
available 
from 
the MAX610 family, 
is 
limited 
by the power 
dissipated 
in the internal 
zener 
under 
no load conditions. 
By dissipating 
some of this 
power in an external zener, the output current capability 
can be increased. 


The MAX611 can deliver 
up to 150mA at 5V when an 
external7.5V 
zener is connected 
as shown in Figure 12. 
Note that capacitor 
C1 has been increased to 10IlF, and 


that 
the 
7.5V zener 
must 
be capable 
of dissipating 
approximately 
2 watts under no load conditions. 


Figure 13, the equivalent 
circuit 
using the MAX610, can 


supply 
120mA at 5V. Since the MAX610 has a full wave 


rectifier, 
the value of C1 need only 
be half the value 
needed in the half wave circuit 
of Figure 12. The zeners 
each 
dissipate 
approximately 
1 watt 
under 
no load 
conditions, 
with the zener power dissipation 
decreasing 
with increased 
output 
load current. 


The method 
of increasing 
the available 
output 
current 
of the MAX610 shown 
in Figure 14 uses only one zener. 
The power dissipation 
of the MAX610 is slightly 
higher 
in this circuit 
than in that of Figure 13, since the zener 
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current 
passes 
through 
the 
bridge 
rectifier 
of the 
MAX610. 
The 
values 
shown 
are suitable 
for 
up to 
100mA output 
current. 
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Unlnterruptable 
5V Power Supply 


Figure 
15 shows 
a simple 
way to combine 
a MAX610 


with 
a battery 
to form 
an uninterruptable 
5V power 
supply. 
When 
the 
110VAC 
line 
voltage 
is present 
resistor 
R2 trickle 
charges 
the 
7.2V NiCad 
battery. 


When the 110VAC is removed 
the NiCad 
battery 
will 


supply 
current 
through 
diode 
01, 
and 
the 
MAX610 
output 
will 
remain 
a constant 
5V. The 
MAX610 
will 


continue 
to deliver 5V out until V+ is approximately 
5.8V 
and the battery voltage 
is approximately 
6.5V. Alkaline 
9V or NiCad 8.4V batteries are also suitable; 
R2 should 
not 
be used 
with 
the 
non-rechargeable 
9V alkaline 
battery. If isolation from the power line is required, drive 
AC1 and AC2 with a transformer 
as shown 
in Figure 6. 


Polarity Insensitive Battery Powered Supply 


Figure 
16 shows 
a +5V power 
supply 
which 
will work 


even if the battery 
is installed 
backwards: 
the full wave 
bridge 
rectifier 
of the MAX612 will correct 
the battery 
polarity. The MAX612 is well su ited for battery powered 
circuits 
since 
its quiescent 
current 
is only 70p.A. The 
MAX610 can also be used if the battery voltage 
is less 


than 10V. 


Battery Charger 


The +6.7V open ci rcuit or float voltage of Fig ure 17 is set 
by R2 and R3; the maximum 
charging 
current 
of 60mA 


is set by the value 
of C1. Since, 
unlike 
transformer 
driven battery chargers, 
C1 conducts 
current through- 
out 
most 
of each 
line 
cycle, 
the 
ratio 
of the 
RMS 
charging 
current 
to the average 
charging 
current 
is 


only about 1.2:1, and capacitor 
C2 is optional. 


IAVG(MAX)= VIN x 5.56 FIN x C (maximum 
charging 
current) 
FIN = Input Frequency 
IRMS = 1.2 IAVG:without 
C2 
IRMS= IAVG; with C2. 
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The half wave MAX611 can also be used in this circuit, 
but the value of C1 must be doubled 
and the ratio of 
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1.7:1. 
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_______ 
Component Selection 


The 
component 
values 
shown 
in the Typical 
Appli- 
cations 
above are suitable 
for most applications. 
This 
section gives the reasons for the particular 
component 


values chosen, explains the effect of using other values, 
and discusses 
the component 
specifications. 


Current 
Limiting 
Capacitor, 
C1 


This 
capacitor 
is the 
most 
critical 
component 
for a 
110/220VAC input power supply 
based on the MAX610 
family. 
It must 
continuously 
withstand 
the 
full 
line 
voltage 
so it should 
be rated 
for 
AC 
operation. 
A 
conservative 
designer 
will use a capacitor 
rated for at 


least 150VRMS 
working 
voltage 
for 110VAC circuits, 
and at least 280VRMS for 220VAC or 240VAC circuits. This 
capacitor 
must be a NON-POLARIZED 
capacitor 
such 
as polyester 
(Mylar'") 
or polypropylene 
metallized 
film. 
Metallized 
film capacitors 
are preferred 
over metal foil 
capacitors 
since metal foil capacitors 
are more likely to 


fail as a short circuit than are metallized 
film capacitors. 


The value of C1 determines 
both the power dissipation 


ofthe 
MAX610/11112 
and the maximum 
available output 
current. 
The value of C1 should 
be the smallest 
value 
that will deliver the desired output 
current 
at minimum 
line 
voltage, 
since 
the 
power 
dissipated 
by 
the 
MAX610/11/12 
increases 
with increasing 
values of C1. 


Table 
1 gives 
the 
formula 
for 
calculating 
C1 as a 


function 
of the desired 
output 
current. 
Table 2 shows 
some typical 
component 
suppliers 
and part numbers. 


EXAMPLE 
FORMULA 
In 
COMMENTS 
FIGURE 


Your 
= 5V ± 4%. VSETGrounded 
3 


VOUT = 1.3V 
(1 + ~) 
8 
MAX610 and 
MAX612 


IOUTjMAXj=Clx4 
V2XVRMsxF1N 
3 
Full wave- 
MAX610. 
MAX612 


IOUT(MAX,=Clx2 
J2xVRMsxF1N 
4 
Hatfwave- 
MAX611 


ICURRENT 
LIMIT = O.6V 
9 


RSENSE 


Cl 
= 
IOUT(MAX) 
3 
Fullwave- 
(VRMS- VouT)x4 
J2xF'N 
MAX610, 
MAX612 


lOUT/MAXI 
4 
Half wave- 
C1 = (VRMS- VOUT) x2 )2XF,N 
MAX611 


Time delay = 
C3 x 3 
10 
(in secs) 
(in ~F) 
MAX611 only 
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Current 
Limiting 
Resistor, R1 


R1 limits the maximum 
peak current 
that occurs when 
power 
is first applied 
to the MAX610 just as the power 


line voltage is at its maximum. 
The instantaneous 
peak 


current 
must be limited 
to 5 Amps. 
For 110VAC input 


voltage 
R1 must be 330 or greater; 
for 220VAC input 


voltage 
R1 must be 680 or greater. The recommended 
values are 470 for 110VAC and 1000 for 220VAC. The 
power dissipation 
in R1 is constant, 
independent 
of the 


load current. 


With 110VAC 60Hz input 
Pd(R1) 
= 
1.6 x 
C1 
(in mW) 
(in /iF) 


With 220VAC 50Hz input 
Pd(R1) 
= 
2.7 x 
C1 
x 
R1 
(in mW) 
(in /iF) 
(in 0) 


Raw DC Filter Capacitor, 
C2 


This capacitor 
is normally 
an aluminum 
or tantalum 
electrolytic 
capacitor. 
C2 is ordinarily 
47/iF when the 


MAX610/12 
are driven from the 110/220VAC power line. 


The half wave MAX611 requires 
larger 
values for C2 


since the output 
current 
is supplied 
by C2 for one-half 


of each line cycle. 


Reset Delay 
Capacitor 


This capacitor, 
labeled C3 in Figure 
10, is non-critical 


and is usually a low cost ceramic 
capacitor. 


R1 
(in 0) 


MFG 
PART # 
DESCRIPTION 


Sprague 
730P105X9250 
~6fy;:;:y~~~:'c~~~~~;~r 
730P205X9250 
2/-lF, 175VRMSmetallized 
polypropylene 
capacitor 
730P105X9400 
lp.F, 275VRMsmetallized 
polypropylene 
capacitor 
730P205X9400 
21JF,275VAMSmetallized 
polypropylene 
capacitor 


TAW 
TAW-40 1.020% 330VAC 
lp.F, 330VAC metallized 
polyester capacitor 
TAW-40 2.0 20% 330VAC 
2,IJF, 330VAC metallized 
polyester capacitor 
Aavid 
58018 
Slip on heatsink for 8 pin 
Plastic DIP 


Sprague Electric 
Co. 
481 Marshall 
Sl. 


North Adams, MA 
(413) 664-4481 


Aavid Engineering, 
Inc. 
30 Cook Court, Box 400 
Laconia, NH 03247 
(603) 524-4443 


TAW Capacitor 
Division 
301 W. a Sl. 
Ogallala. 
NE 69153 


(308) 284-3611 


The 
above 
table 
is included 
to assist 
you 
in obtaining 
components 


for 
use 
with 
the 
MAX610 
family. 
This 
list 
is by no means 
inclusive 


and 
does 
not 
constitute 
an 
endorsement 
by 
Maxim 
Integrated 


Products. 
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__ 
Cautions and Application 
Hints 


1) Unless driven by a transformer, the 5V output of the 
MAX610/11/12 
is NOT ISOLATED 
from the power line, 


and all circuitry connected tothe 
MAX610/11/12 
should 
be treated as if it were directly connected to the power 
line. The MAX610/11/12, 
its circuitry, 
and all compo- 
nents driven by the 5V output present a shock hazard 
and should 
be in a protective 
enclosure 
to prevent 
accidental contact. 


2) Use an isolation transformer 
or ground fault inter- 
rupter (GFI) when breadboarding, 
testing, or trouble- 


shooting 
a MAX610 family based line-power supply or 
any circuitry 
powered 
by the MAX610 family. If the 
MAX610/11/12 
is connected 
directly to the power line, 


do NOT connect the ground of an oscilloscope 
to the 


circuit 
- 
this will severely damage the oscilloscope 
and destroy the MAX610/11/12. 


3) When the 110/220VAC 
input is disconnected 
from a 
MAX610 family based power supply, the input capacitor, 
C1, may be left charged to the peak input line voltage, 
creating 
a shock hazard on the input terminals. The 
optional 
1MO resistor shown 
in Figure 3 is recom- 
mended for use in any of the circuits when the input to 
the power supply may be disconnected 
or where the 
input capacitor 
must be discharged to prevent shock 
hazards to maintenance or service personnel. 


4) C1 must be able to withstand 
the peak AC input 
voltage. The power source should be properly fused. 


5) Observe 
the 
power 
dissipation 
limit. 
Excessive 
power dissipation 
will cause the junction 
temperature 
to rise above the absolute 
maximum 
rating and will 
degrade the reliability. 


6.) Use the minimum 
value of C1 that will deliver the 


desired output 
current. 
Minimizing 
the value of C1 


minimizes 
the dissipation 
of the 
MAX610/11/12, 
thus 


increasing the reliability of the power supply. 


7) The over/undervoltage 
detection circuit is setup for 


5V operation. 
Even if the VSETterminal 
is used to set 


another output voltage, the over/undervoltage 
detec- 


tion is left set at 4.65V and 5.4V. 


8) If the value of C2, the raw DC filter capacitor, 
is 


above 750",F, limit the maximum 
output 
current 
by 


inserting 
a resistor between VOUT and VSENSE.This 


prevents damage to the 
MAX610/11/12 
which 
might 


occur if the energy stored in a large valued C2 were 
discharged into a short circuit. If C2 is below 750",F this 
protection 
is not necessary. 


9) While the MAX610 family is stable without an output 
filter capacitor, it is good engineering 
practice to have 


power 
supply 
bypass 
capacitors 
on the output 
to 


compensate forthe increased output impedance of the 
MAX610/11/12 
at high frequency. A 47",F in parallel with 


a 0.1",F will keep the effective output 
impedance 
low 


from DC to greater than 1MHz. 


10) When powering 
the MAX610 or MAX612 through 


the V+terminal and using only the DC linear regulator, 
connect both AC1 and AC2 terminals to V-. 


When using only the DC linear regulator portion of the 
MAX611 the AC1 terminal should be connected to V-. 
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_______ 
Gener.1 Description 


Maxim's 
MAX630 
and 
MAX4193 
CMOS 
DC-DC 


regulators are designed for simple, efficient, minimum 
size DC-DC 
converter 
circuits 
in the 5 milliwatt 
to 5 
watt 
range. The MAX630 and MAX4193 provide 
all 


control 
and power handling 
functions 
in a compact 
8 
pin 
package: 
a 
1.31V bandgap 
reference, 
an 
oscillator, 
a voltage 
comparator, 
and 
a 375mA 


N-channel output MOSFET. A comparator 
is also pro- 


vided for low battery detection. 


Operating 
current 
is only 70!J.A and is nearly inde- 


pendent 
of output 
switch 
current 
or duty 
cycle. A 


logic 
level input 
shuts 
down 
the 
regulator 
to less 
than 
1!J.Aquiescent 
current. 
Low current 
operation 


ensures 
high 
efficiency 
even in low power 
battery 


operated 
systems. 
The MAX630 
and MAX4193 are 


compatible 
with 
most 
battery 
voltages, 
operating 


from 2.0V to 16.5V. 


The devices 
are pin compatible 
with the Raytheon 


bipolar 
circuits, 
RC4191/2/3, while 
providing 
signifi- 


cantly improved efficiency 
and low voltage operation. 


Maxim also manufactures 
the MAX631, MAX632, and 


MAX633 
DC-DC 
converters 
which 
reduce 
the ex- 


ternal component 
count 
in fixed output 
5V, 12V,and 


15V circuits. 
See Table 2 on the last page of this data 


sheet 
for 
a 
summary 
of 
other 
Maxim 
DC-DC 


converters. 


__________ 
Applications 


+5V to +15V DC-DC Converters 


High Efficiency 
Battery Powered 
DC-DC Converters 


+3V to +5V DC-DC Converters 


9V Battery Life Extension 


Un interruptible 
5V Power Supplies 


5mW to 5 Watt Switch-mode 
Power 
Supplies 


NlAXINI 


MAX630 
MAX4193 


~1f1~JX I~lfl 
CMOS Micropower 
Step-Up Switching 
Regulator 


• 
High Efflclency-85% 
1\'plcal 


• 
70p.A 1\'plcal Operating Current 


• 
1p.A Maximum 
Quiescent Current 


• 
2.0 to 16.5V Operation 


• 
525mA (Peak) Onboard 
Drive CapabilitY 


• ±1.5% Output Voltage Accuracy (MAX630) 


• 
Low Battery Detector 


• 
Compact 8 Pin Mini-DIP 
and SO Packages 


• 
Pin Compatible 
With RC4191/2/3 


PART 
TEMP. RANGE 
8 Lead PACKAGE 


MAX630CPA 
O°C to +70°C 
8 Lead Plastic DIP 


MAX630CSA 
O°C to +70oC 
8 Lead Small Outline 


MAX630CJA 
O°C to +70°C 
8 Lead CERDIP 


MAX630EPA 
-40°C to +85°C 
8 Lead Plastic DIP 


MAX630ESA 
-40°C to +85°C 
8 Lead Small Outline 


MAX630EJA 
-40°C to +85°C 
8 Lead CERDIP 


MAX630MJA 
-55°C to +125°C 
8 Lead CERDIP 


MAX4193C/D 
DOC to +70°C 
Dice 


MAX4193CPA 
O°C to +70°C 
8 Lead Plastic DIP 


MAX4193CSA 
O°C to +70°C 
8 Lead Small Outline 


MAX4193CJA 
O°C to +70°C 
8 Lead CERDIP 


MAX4193EPA 
-40°C to +85°C 
8 Lead Plastic DIP 


MAX4193ESA 
-40°C to +85°C 
8 Lead Small Outline 


MAX4193EJA 
-40°C to +85°C 
8 Lead CERDIP 


MAX4193MJA 
-55°C to +125°C 
8 Lead CERDI P 


CMOS Micropower 
Step-Up Switching Regulator 


ABSOLUTE MAXIMUM RATINGS 


Supply Voltage 
18V 
Storage Temperature Range. 
. . . . . . . . . . . . .. 
-65·C 
to +160·C 
Lead Temperature (Soldering, 
10 seconds) 
+300·C 
Operating 
Temperature Range 
MAX630C, MAX4193C 
O·C to +70·C 
MAX630E, MAX4193E 
............•...... 
-40·C 
to +85·C 
MAX630M, MAX4193M 
...........•..... 
-55·C 
to +125·C 


Power Dissipation 


Plastic DIP (derate 6.25mW/·C 
above 50· C) 
468mW 
Small Outline (derate 5.88mW/·C 
above 50·C) 
..•... 
441mW 
CERDIP (derate 8.33mW/·C 
above 50·C) 
833mW 


Input Voltage (Pins 1, 2, 6, 7) 
-0.3V to +Vs +0.3V 


Output Voltage, Lx and LBO .. . . . . . . . . . . . . . . . . . . . . . . .. 
18V 


Lx Output Current 
..............•....•....... 
525mA Peak 


LBO Output Current 
........•..................... 
50mA 


Stresses above those listed under ''Absolute Maximum 
Ratings" may cause permanent 
damage to the devics. These arB stress ratings only, and functional 
operation 
of the device at these or any other conditions 
above those indicated in the operational 
sections of the specifications 
is no implied. Exposure to 


absolute maximum 
ratings conditions for extended periods may affect device reliability. 


ELECTRICAL CHARACTERISTICS 
(+Vs = +6.0V, TA = +25·C, Ic = 5.0jlA, unless otherwise noted) 


PARAMETER 
SYMBOL 
CONDITIONS 
MAX630 
MAX4193 
UNITS 
MIN. 
TYP. 
MAX. 
MIN. 
TYP. 
MAX. 


Supply Voltage 
+Vs 
Operating 
2.0 
16.5 
2.4 
16.5 
V 
Start-up 
1.8 


Internal Reference Voltage 
VAEF 
1.29 
1.31 
1.33 
1.24 
1.31 
1.38 
V 


Switch Current 
Isw 
V3 = 400mV 
75 
150 
75 
150 
mA 


Supply Current 
(at Pin 5) 
Is 
13 = OmA 
70 
125 
90 
200 
jlA 


Efficiency 
85 
85 
% 


Line Regulation 
(Note 1) 
0.5Vo< Vs < Vo 
0.08 
0.2 
0.08 
0.5 
%VOUT 


Load Regulation 
(Note 1) 
Vs = +5V, PLOAO = 0 to 150mW 
0.2 
05 
0.2 
0.5 
% VOUT 


Operating 
Frequency 
Fo 
0.1 
40 
75 
0.1 
25 
75 
kHz 
Range (Note 2) 


Reference Set Internal 
R,C 
V6 = Vs 
0.5 
1.5 
10 
0.5 
1.5 
10 
Mn 
Pull down Resistance 


Reference Set Input 
V,C 
0.2 
0.8 
1.3 
0.2 
0.8 
1.3 
V 
Voltage Threshold 


Switch Current 
Isw 
V3 = 1.0V 
100 
100 
mA 


Switch Leakage Current 
leo 
V3 = 16.5V 
0.01 
1.0 
0.01 
5.0 
pA 


Supply Current (Shut Down) 
Iso 
le<O.OlpA 
0.01 
1.0 
0.01 
5.0 
pA 


Low Battery Bias Current 
ILBA 
0.01 
10 
0.01 
10 
nA 


Capacitor 
Charging 
Current 
lex 
30 
30 
pA 


Cx + Threshold 
Voltage 
+Vs- 0.1 
+Vs - 0.1 
V 


Cx - Threshold 
Voltage 
0.1 
0.1 
V 


VFB Input Bias Current 
IFB 
0.01 
10 
0.01 
10 
nA 


Low Battery Detector 
'LBO 
Va= O.4V, 
250 
600 
250 
600 
jlA 
Output Current 
V, = 1.1V 


Low Battery Detector 
ILBDO 
Va= 16.5\/, 
0.01 
5.0 
0.01 
5.0 
pA 
Output Leakage 
V, = 1.4V 


Note 1: 
Guaranteed 
by correlation 
with DC pulse measurements. 


Note 2: 
The operating 
frequency 
range is guaranteed 
by design and verified with sample testing. 


CMOS Micropower 
Step-Up Switching 
Regulator 


ELECTRICAL CHARACTERISTICS 
(+Vs = +6.DV, TA = Full Operating 
Temperature 
Range, 
Ie = 5.DIJA, unless 
otherwise 
noted) 


PARAMETER 
SYMBOL 
CONDITIONS 
MAX630 
MAX4193 
UNITS 
MIN. 
TYp. 
MAX. 
MIN. 
TYp. 
MAX. 


Supply Voltage 
+Vs 
2.2 
16.5 
3.5 
16.5 
V 


Internal Reference Voltage 
VREF 
1.25 
1.31 
1.37 
1.20 
1.31 
1.42 
V 


Supply Current 
(Pin 5) 
Is 
13 = OmA 
70 
200 
90 
300 
I'A 


Line Regulation 
(Note 1) 
0.5VOUT< Vs < VOUT 
0.2 
0.5 
0.5 
1.0 
% VOUT 


Load Regulation 
(Note 1) 
Vs = +0.5Vo, PL = 0 to 150mW 
0.5 
1.0 
0.5 
1.0 
% VOUT 


VB= Vs 
Reference Set Internal 
R,C 
0°C';::TA,;::+70°C 
0.45 
1.5 
10 
0.45 
1.5 
10 
Mfi 
Pulldown 
Resistance 
-40°C';:: TA,;:: +85°C 
0.4 
1.5 
10 
0.4 
1.5 
10 
-55°C,;::TA';::+125°C 
0.3 
1.5 
10 
0.3 
1.5 
10 


Reference Set Input 
V,C 
0.2 
0.8 
1.3 
0.2 
0.8 
1.3 
V 
Voltage Threshold 


Switch Leakage Current 
Ico 
V3 = 16.5V 
0.1 
30 
0.1 
30 
I'A 


Supply Current 
(Shut Down) 
Iso 
Ic < O.OII'A 
0.01 
10 
0.01 
30 
I'A 
Low Battery Detector 
ILBO 
Va= O.4V,V, = 1.IV 
250 
600 
250 
600 
I'A 
Output Current 


PIN 
NAME 
FUNCTION 


1 
LBR 
Low Battery Detection Comparator 
input.The LBO output, pin 8, sinks current 
when ever this pin is below the low battery 
detector threshold, typically 
1.31V. 


2 
Cx 
An external capacitor connected 
between 
this terminal and ground sets the 
oscillator frequency. 47pF = 40KHz. 


3 
Lx 
This pin drives the external inductor. The 
internal N-channel 
MOSFET which drives 
Lx has an output resistance of 4 ohms and 
a peak current rating of 375mA. 


4 
GND 
Ground. 


5 
+Vs 
The positive supply voltage, from 2.0V to 
16.5V (MAX630). 


PIN 
NAME 
FUNCTION 


6 
Ic 
The MAX630/MAX4193 shuts down when 
this pin is left floating or is driven below 
0.2V. For normal operation connect Ic 
directly to +Vs or drive it high with either a 
CMOS gate or pull-Up resistor connected 
to +Vs. The supply current is typically 
10nA in the shutdown 
mode. 


7 
VFB 
The output voltage is set by an external 
resistive divider connected from the 
converter output to VFB and Ground. The 
MAX630/MAX4193 will pulse the Lx output 
whenever the voltage at this terminal is 
less than 1.31V. 


8 
LBO 
The Low Battery Detector output is an 
open drain N-channel MOSFET which 
sinks up to 600l'A 
(typ) whenever the LBR 
input, pin I, is below 1.31V. 


CMOS Micropower 
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_______ 
Detailed Description 


The operation 
of the MAX630 can best be under- 
stood 
by examining 
the voltage 
regulating 
loop of 
Figure 1. R1 and R2 divide the output voltage, which 
is compared 
with 
the 
1.3V internal 
reference 
by 
comparator 
COMP1. 
When 
the 
output 
voltage 
is 
lower than desired, the comparator 
output goes high 
and the oscillator 
output pulses are passed through 
the NOR gate latch, turning on the output N-channel 
MOSFET at pin 3, Lx. As long as the output voltage 
is less than the desired 
voltage, 
pin 3 drives the 


inductor 
with 
a series of 
pulses at the oscillator 
frequency. 


Each time the output 
N-channel 
MOSFET is turned 
on, the current 
through 
the external 
coil, 
L1, in- 
creases, storing 
energy 
in the coil. 
Each time the 
output turns off, the voltage across the coil reverses 
sign and the voltage at Lx rises until the catch diode, 
01, is forward biased, delivering power to the output. 


When the output 
voltage reaches the desired level, 


1.31V x (1 + R1/R2), the comparator 
output goes low 
and the inductor 
is no longer pulsed. Current is then 
supplied 
by the filter capacitor, C1, until the output 
voltage drops below the threshold, 
and once again 
Lx is switched on, repeating the cycle. The average 
duty cycle at Lx is directly proportional 
to the output 
current. 


Output 
Driller 
(Lx Pin) 


The 
MAX630/MAX4193 
output 
device 
is a large 
N-channel 
MOSFET 
with 
an 
ON 
resistance 
of 
4 ohms and a peak current 
rating 
of 375mA. One 
well 
known 
advantage 
that 
MOSFETs 
have over 


bipolar transistors in switching applications 
is higher 


speed, which 
reduces switching 
losses and allows 


the use of smaller, lighter, less costly magnetic com- 
ponents. 
Also 
important 
is that 
MOSFETs, 
unlike 


bipolar 
transistors, 
do 
not 
require 
base current 


which, 
in low power 
DC-DC 
converters, 
often ac- 


counts for a major portion of input power. 


The operating 
current of the MAX630 and MAX4193 


increases 
by approximately 
1J.lA/kHz at maximum 


power output 
due to the charging 
current 
required 


by the gate capacitance of the Lx output driver (e.g. 
40J.lA increase at a 40kHz operating 
frequency). 
In 


comparison, equivalent bipolar circuits typically drive 
their NPN Lx output device with 2mA of base drive, 
causing 
the 
bipolar 
circuit's 
operating 
current 
to 


increase by a factor of 10 between no load and full 
load. 


Oscillator 


The oscillator 
frequency 
is set by a single external, 


low cost ceramic capacitor 
connected 
to pin 2, Cx. 


47pF sets the oscillator to 40kHz, a reasonable com- 
promise between lower switching 
losses at low fre- 


quencies 
and 
reduced 
inductor 
size 
at 
higher 


frequencies. 


Low Battery 
Detector 


The low battery detector 
compares 
the voltage on 


LBR with the internal 
1.31V reference. The output, 


LBO, is an open drain N-channel 
MOSFET In addi- 


tion to detecting 
and warning 
of a low battery vol- 


tage, the comparator can also perform other voltage 
monitoring operations such as power failure detection. 


Another 
use of the low battery 
detector 
is to lower 
the oscillator 
frequency 
when the input voltage goes 
below a specified 
level. Lowering 
the oscillator 
fre- 
quency 
increases the available output 
power, com- 
pensating for the decrease in available power caused 
by reduced input voltage (See Figure 5). 
Logic Level Shutdown Input 


The shutdown 
mode is entered whenever 
Ic (pin 6) 
is driven 
below 
O.2V or 
left 
floating. 
When 
shut 
down, 
the MAX630's 
analog 
circuitry, 
oscillator, 
Lx 
and 
LBO 
outputs 
are 
turned 
off. 
The 
device's 
quiescent 
current 
during 
shutdown 
is typically 
10nA 


(1}.LAmax). 
Bootstrapped Operation 


In most circuits, 
the preferred 
source of +Vs voltage 
for the MAX630 and MAX4193 is the boosted output 
voltage. This is often referred to as a "bootstrapped" 
operation 
since 
the 
circuit 
figuratively 
"lifts" 
itself 
up. 


The ON resistance 
of the N-channel 
Lx output 
de- 
creases with an increase in +Vs, however, the device 
operating 
current 
goes 
up with 
+Vs 
(see typical 
operating 
graph, Is vs. +Vs). In circuits 
with very low 
output 
current 
and input voltages greater than 3V it 
may be more efficient 
to connect 
+Vs directly 
to the 
input voltage rather than bootstrap. 
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______ 
External Components 
Resistors 


Since 
the 
LBR 
and 
VFB input 
bias 
currents 
are 
specified 
as 
10nA 
maximum, 
the 
current 
in 
the 
dividers 
R1/R2 and R3/R4 (figure 
1) may be as low 
as 
1}.LA without 
significantly 
affecting 
accuracy. 


Normally 
R2 and R4 are between 10k ohms and 1M 
ohm, which sets the current in the voltage dividers in 
the 1.3}.LAto 130}.LArange. R1 and R3 can then be 
calculated 
as follows: 
VOUT - 1.31V 
R1 = R2 x 
----- 
1.31V 


VLB - 1.31V 
10kn~ 
R4 ~ 1Mn 
R3 = R4 x 
---- 
1.31V 


Where VOUTis the desired output 
voltage and VLB is 
the desired low battery warning 
threshold. 


If the 
Ic (shutdown) 
input 
is pulled 
up through 
a 
resistor 
rather 
than connected 
directly 
to +Vs, the 
current 
through 
the 
pullup 
resistor 
should 
be a 
minimum 
of 4}.LAwith Ic at the input-high 
threshold 
of 1.3V: 


R 
< +Vs-1.3V 
IC- 
4}.LA 
- 
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Inductor Value 


The available output 
current from a DC-DC voltage 
boost converter 
is a function 
of the input 
voltage, 


external inductor value, output voltage and the oper- 
ating frequency. 


The inductor 
must 1) have the correct inductance, 2) 


be able to handle the required peak currents, and 3) 
have acceptable 
series resistance and core losses. If 


the inductance 
is too high, the MAX630 will not be 
able to deliver the desired output 
power, even with 


the 
Lx output 
on 
for 
every 
oscillator 
cycle. 
The 
available 
output 
power can be increased 
by either 
decreasing 
the 
inductance 
or 
the 
frequency. 
Re- 
ducing the frequency 
increases the on-period 
of the 
Lx output, thereby increasing the peak inductor 
cur- 
rent. The available output power is increased since it 
is proportional 
to the square of the peak inductor 


current (Ipk). 


(VINTON)2 f 
LMAX 
2 POUT 


. 
L1pk2f 
since: POUT= -- 


2 


V1NTON 
and: Ipk = --L- 


Where 
POUT includes 
the power 
dissipated 
in the 


catch diode 
(D1) as well as that in the load. If the 
inductance 
is too low, the current at Lx may exceed 
the maximum 
rating. The minimum allowed inductor 


value is expressed by: 


V1NTON 


LMIN=~ 


Where IMAX = 375mA (peak Lx 
current) 
and TON is 


the on-time of the Lx output. 


The most common 
MAX630 circuit 
is a boost mode 
converter 
(Figure 
1). When 
the 
N-channel 
output 
device is on, the current linearly rises since: 


At the end of the on-time 
(14!.Lsfor 40kHz, 55% duty 
cycle oscillator) 
the current is: 


V TON 
5V X 14!.Ls 
Ipk = -L- 
= 
470!.LH 
- 150mA. 


At maximum 
load this cycle is repeated 40,000 times 


per second, 
and the power tranferred 
through 
the 


coil 
is 40,000x5.25 
= 210mW. Since 
the coil 
only 


supplies the voltage above the input voltage, at 15V, 
the 
DC-DC 
converter 
can 
supply 
210mW/ 


(15V-5V) = 21mA. The coil provides 210mW and the 
battery directly 
supplies 
another 
105mW, for a total 


of 315mW of output 
power. If the load draws 
less 


than 
21mA, the MAX630 turns 
on 
its output 
only 


often 
enough 
to 
keep 
the 
output 
voltage 
at 
a 


constant 15V. 


Reducing 
the inductor 
value increases the available 


output 
current: 
lower L increases the peak current, 


thereby increasing the available power. The external 
inductor 
required by the MAX630 is readily obtained 


from a variety of suppliers. 
(See Table 1). Standard 


coils are suitable for most applications. 


'n'pes of Inductors 


Molded 
Inductors 


These 
are 
cylindrically 
wound 
coils 
which 
look 


similar to 1 watt resistors. They have the advantages 
of low cost and ease of handling, 
but have higher 


resistance, higher losses, and lower power handling 
capability than other types. 


Potted 
Toroidal Inductors 


A typical 
1mH, 0.82 ohm 
potted 
toroidal 
inductor 


(Dale TE-3Q4TA) 
is 0.685" 
in diameter 
by 0.385" 


high and mounts directly onto a printed circuit board 
by its leads. Such devices offer high efficiency 
and 


mounting 
ease, but at a somewhat 
higher cost than 


molded inductors. 


Ferrite Cores (Pot Cores) 


Pot cores are very popular as switch-mode 
inductors 


since 
they 
offer 
high 
performance 
and 
ease 
of 


design. The coils are generally 
wound 
on a plastic 


bobbin, which 
is then placed between two pot core 


sections. 
A simple 
clip 
to hold 
the core 
sections 


together 
completes 
the inductor. 
Smaller 
pot cores 


mount 
directly 
onto 
printed 
circuit 
boards 
via the 


bobbin 
terminals. 
Cores come 
in a wide variety of 


sizes, often with the center 
posts ground 
down 
to 


provide 
an air 
gap. 
The 
gap 
prevents 
saturation 


while 
accurately 
defining 
the 
inductance 
per turn 


squared. 


Pot cores are suitable for all DC-DC converters, 
but 


are usually 
used in the higher 
power applications. 


They are also useful for experimentation 
since it is 


easy to wind coils onto the plastic bobbins. 


Toroidal Cores 


In volume 
production 
the toroidal 
core offers high 


performance, 
low size and weight, 
and 
low 
cost. 


They are, however, slightly 
more difficult 
for proto- 


typing, 
in that manually winding 
turns onto a toroid 


is more tedious 
than on the plastic 
bobbins 
used 


with pot cores. 
Toroids 
are more efficient 
for a given 


size since the flux 
is more evenly 
distributed 
than in 


a 
pot 
core, 
where 
the 
effective 
core 
area 
differs 


between 
the post, side, top and bottom. 


Since 
it is difficult 
to gap 
a toroid, 
manufacturers 


produce 
toroids 
using 
a mixture 
of ferromagnetic 


powder 
(typically 
iron or Mo-Permalloy 
powder) 
and 


a binder. 
The 
permeability 
is controlled 
by varying 


the 
amount 
of binder, 
which 
changes 
the effective 


gap between the ferromagnetic 
particles. Mo-Permalloy 


powder 
(MPP) cores have lower losses and are recom- 


mended 
for the highest 
efficiency, 
while 
iron powder 


cores are lower cost. 


MANUFACTURER 
TYPICAL 
DESCRIPTION 
PART# 


MOLDEDINDUCTORS 
Dale 
IHA-104 
500l'H, 0.5ohms 
Nytronics 
WEE-470 
470l'H, 10ohms 
TRW 
LL-500 
500l'H, 0.75ohms 


POTTEDTOROIDALINDUCTORS 


Dale 
TE-304TA 
1mH,0.82ohms 


TRW 
MH-1 
600l'H, 1.9ohms 
Torotel Prod. 
PT 53-18 
500I'H,5 ohms, 
FERRITECORESAND TOROIDS 


Allen Bradley 
T0451S100A 
Tor.Core, 
500nHIT2 


Siemens 
B64290-K38-X38 
Tor.Core,41'HIT2 


Magnetics 
555130 
Tor.Core, 
53nH/T2 


Stackpole 
57-3215 
Pot Core, 
14mmx 8mm 


Magnetics 
G-41408-25 
Pot Core, 
14x 8, 250nHIT2 


Note: This list does not constitute an endorsement by Maxim 
Integrated Products and is not intended to be a comprehensive 
list of all manufacturersof these components. 


Diodes 


In most 
MAX630 
circuits, 
the 
inductor 
current 
re- 


turns 
to zero before 
Lx turns 
on for the next output 


pulse. 
This 
allows 
the 
use of slow 
turn-off 
diodes. 


On the other 
hand, the diode 
current 
abrubtly 
goes 


from 
zero to full peak current 
each time Lx switches 


off 
(figure 
1, D1). 
To avoid 
excessive 
losses, 
the 


diode 
must therefore 
have a fast turn-on 
time. 


For low power 
circuits 
with 
peak currents 
less than 


100mA, signal 
diodes 
such as 1N4148s perform 
well. 
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For 
higher 
current 
circuits, 
or 
for 
maximum 
effi- 


ciency 
at low power, 
the 
1N5817 series of Schottky 


diodes 
are 
recommended. 
Although 
1N4001 sand 


other 
general 
purpose 
rectifiers 
are rated 
for 
high 


currents, 
they 
are unacceptable 
because 
their 
slow 


turn-on 
time results in excessive 
losses. 
Filter Capacitor 


The output 
voltage 
ripple 
has two components, 
with 


approximately 
90° 
phase 
difference 
between 
them. 


One 
component 
is created 
by the 
change 
in the 


capacitor's 
stored 
charge 
with 
each 
output 
pulse. 


The 
other 
ripple 
component 
is the 
product 
of the 


capacitor's 
charge/discharge 
current 
and 
its 
ESR 


(effective 
series resistance). 
With low cost aluminum 


electrolytic 
capacitors, 
the 
ESR produced 
ripple 
is 


generally 
larger 
than 
that 
caused 
by the change 
in 
charge. 


VIN 
VESR= Ipk x ESR = (2U) 
x ESR (Volts p-p) 


Where 
VIN is the coil 
input 
voltage, 
L is its induct- 


ance, 
f is the oscillator 
frequency, 
and 
ESR is the 


equivalent 
series resistance 
of the filter capacitor. 


The 
output 
ripple 
resulting 
from 
the 
change 
in 


charge 
on the filter capacitor 
is: 


VdO =-§ where, 
Q = tDIS X Ip;ak 


VIN 


and, Ipeak = tCHG XL 


V 
- VIN(tCHG)(tDIS) 
dO - 
2LC 


Where 
tCHG and tDIS are the charge 
and discharge 


times for the inductor 
(1/2f can be used for nominal 


calculations). 


Oscillator Capacitor, Cx 


The oscillator 
capacitor, 
Cx, is a non-critical 
ceramic 
or silver 
mica 
capacitor. 
Cx can also 
be calculated 


by: 


214 X 10-6 


Cx = 
. 
- CINT (CINT '" 5pF, see text) 


f 


Where 
f is the desired 
operating 
frequency 
in Hertz, 


and CINT is the sum of the stray capacitance 
on the 


Cx pin and the internal 
capacitance 
of the package. 


The internal 
capacitance 
is typicaly 
1pF for the plas- 


tic package and 3pF for the CERDIP 
package. Typical 


stray capacitances 
are about 
3pF for normal 
printed 


circuit 
board 
layouts, 
but will be significantly 
higher 


if a socket 
is used. 
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Bypassing and Compensation 


Since the inductor 
charging 
current can be relatively 


large, 
high 
currents 
can flow 
through 
the ground 
connection 
of the MAX630/4193. 
To prevent unwanted 


feedback, 
the impedance 
of the ground 
path must 
be as low as possible, and supply 
bypassing 
should 
be used for the device. 


When large values (>50kn) 
are used for the voltage 
setting resistors, R1 and R2 of Figure 1, stray capaci- 
tance at the VFBinput can add a lag to the feedback 
response, destabilizing 
the regulator, 
increasing 
low 
frequency 
ripple, 
and lowering 
efficiency. 
This can 
often be avoided by minimizing 
the stray capacitance 
at the VFBnode. It can also be remedied by adding a 
lead compensation 
capacitor 
of 
100pF to 
10nF in 
parallel with R1 in Figure 1. 


__ 
DC-DC Converter 
Configurations 


DC-DC 
converters 
come 
in three 
basic topologies: 


buck, boost, and buck-boost 
(figure 2). The MAX630 
is usually 
operated 
in the 
positive 
voltage 
boost 
circuit, 
where the output 
voltage 
is greater than the 


input. 


The boost circuit 
is used where the input voltage 
is 
always 
less than the desired 
output 
and the buck 
circuit 
is used where the input 
is greater 
than the 
output. 
The buck-boost 
circuit 
inverts, and can be 
used with input voltages which are either greater or 
less than the output. 


DC-DC 
converters 
can 
also 
be classified 
by the 
control 
method. 
The two 
most common 
are pulse 
width modulation 
(PWM) and pulse frequency 
modu- 
lation 
(PFM). 
PWM switch-mode 
power supply 
ICs 
(of which 
current 
mode control 
is one variant) 
are 
well 
established 
in high 
power 
off-line 
switchers. 


Both 
PWM 
and 
PFM 
circuits 
control 
the 
output 
voltage by varying duty cycle. In the PWM circuit the 
frequency 
is held constant 
and the width 
of each 
pulse is varied. In the PFM circuit, 
the pulse width is 
held 
constant 
and 
duty 
cycle 
is 
controlled 
by 
changing 
the pulse repetition 
rate. 


The MAX630 refines the basic PFM by employing 
a 
constant 
frequency 
oscillator. 
Its output 
MOSFET is 
switched 
on 
when 
the 
oscillator 
is high 
and 
the 
output 
voltage 
is lower than desired. 
If the output 
voltage 
is higher 
than desired, the MOSFET output 
is 
disabled 
for 
that 
oscillator 
cycle. 
This 
"pulse 
skipping" 
varies the average duty cycle, and thereby 
controls the output voltage. 


Note that, unlike the PWM ICs which use an op-amp 
as the control 
element, the MAX630 uses a compara- 
tor to compare 
the output 
voltage 
to an onboard 
reference. 
This 
reduces 
the 
number 
of 
external 
components, 
and operating 
current. 


~--I 


_______ 
Typical Applications 


+5V to + 15V DC-DC Converter 


Figure 
1 shows 
a simple 
circuit 
which 
generates 


+15V at approximately 
20mA from a +5V input. The 
MAX630 
has a ±1.5% reference 
accuracy, 
so the 


output voltage has an untrimmed 
accuracy 
of ±3.5% 


if R1 and R2 are 1% resistors. Other output voltages 
can 
also 
be selected 
by 
changing 
the 
feedback 


resistors. Capacitor 
Cx sets the oscillator 
frequency 


(47pF=40kHz), while C1 limits output 
ripple to about 


50mV. 


With a low cost molded 
inductor, 
the circuit's 
effi- 


ciency 
is about 
75%, but 
an inductor 
with 
lower 


series 
resistance 
such 
as the 
Dale 
TE3Q4TA 
in- 


creases 
efficiency 
to around 
85%. A key to 
high 


efficiency 
is that the MAX630 itself is powered from 


the +15V output. This provides the onboard N-channel 
output 
device with 
15V gate drive, lowering 
its ON 


resistance to about 4 ohms. When +5V power is first 
applied, current flows through 
L1 and 01, supplying 


the MAX630 with 4.4V for startup. 
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+5V to ± 15V DC·DC Conlferter 


The circuit 
in Figure 3 is similar 
to that of Figure 1 
except 
that 
two 
more 
windings 
are added 
to the 
inductor. The 1408 (14mm x 8mm) pot core specified 
is 
an 
lEG 
standard 
size 
available 
from 
many 
manufacturers 
(see Table 
1). The 
-15V output 
is 
semi-regulated, 
typically varying from -13.6V to -14.4V 
as the 
+15V load 
current 
changes 
from 
no 
load 
to 20mA. 


Ie 
+ Vs 


7 V" 


.NIA X I.NI 
MAX630 


Lx 


47PFJ 


":' 
1:3:3 


Z20 pH PRIMARY 
14 x 8 mm POT CORE 


2~ Watt 3V to 5V DC·DC Conlferter 


Some systems, although 
battery powered, need high 
currents 
for short 
periods, 
and then shutdown 
to a 
low power 
state. The extra circuitry 
of Figure 4 is 
designed to meet these high current 
needs. Operat- 
ing in the buck-boost 
or flyback 
mode, the circuit 
converts 
-3V to +5V. The left side of the figure 
is 
similar 
to Figure 
1, and supplies 
15V for the gate 
drive of the external 
power MOSFET. This 15V gate 
drive ensures that the external 
device is completely 
turned on and has low ON resistance. 


The right side of Figure 4 is a -3V to +5V buck-boost 
converter. 
This circuit 
has the advantage 
that when 
the MAX630 is turned 
off the output 
voltage falls to 
OV, unlike 
the 
standard 
boost 
circuit 
where 
the 
output 
voltage 
is VSATT-0.6V when the converter 
is 
shutdown. 
When 
shutdown, 
this 
circuit 
uses 
less 
than 
10uA, 
with 
most 
of 
the 
current 
being 
the 
leakage current of the power MOSFET. 


The inductor 
and output 
filter capacitor 
values have 
been selected 
to accomodate 
the increased 
power 
levels. 
With 
the 
values 
indicated, 
this 
circuit 
can 
supply up to 500mA at 5V, with an efficiency 
of 85%. 


Since the left side of the circuit powers only the right 
hand MAX630, the circuit 
will start up with 
battery 
voltages as low as 1.5V, independent 
of the loading 
on the +5V output. 
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+3V Battery to +sv DC·DC Converter 


A common 
power supply requirement 
involves con- 
version of a 2.4 or 3V battery voltage to a 5V logic 
supply. The circuit 
in figure 5 converts 
3V to 5V at 
40mA with 85% efficiency. 
When Ie (pin 6) is driven 
low, the output 
voltage 
will 
be the battery 
voltage 
minus the drop across diode 01. 


The optional 
circuitry 
using C1, R3, and R4 lowers 


the oscillator 
frequency 
when 
the battery 
voltage 
falls 
to 
2.0V. This 
lower 
frequency 
maintains 
the 
output 
power capability 
of the circuit 
by increasing 
the 
peak 
inductor 
current, 
compensating 
for 
the 
reduced battery voltage. 


3V -=-I 


LBR 
NI"IJXI"Il'lle 


R. 
MAX630 
v" 
499kn 


Uninterruptable +sv Supply 


In 
Figure 
6 the 
MAX630 
provides 
a continuous 


supply of regulated +5V, with automatic 
switch-over 
between 
line power and battery 
backup. When the 


line powered input voltage is at +5V, it provides 4.4V 
to the MAX630 and trickle charges the battery. If the 
line powered 
input falls below the battery voltage, 


the 
3.6V battery 
supplies 
power 
to 
the 
MAX630, 


which 
boosts 
the 
battery 
voltage 
up to +5V, thus 
maintaining 
a continuous 
supply 
to 
the 
uninter- 


ruptable 
+5V bus. Since the +5V output 
is always 
supplied 
through 
the MAX630, there are no power 
spikes or glitches during power transfer. 


The MAX630's low battery detector monitors the line 
powered 
+5V, and the LBO output 
can be used to 
shut 
down 
unnecessary 
sections 
of 
the 
system 
during 
power failures. Alternatively, 
the low battery 
detector 
could 
monitor 
the 
Nicad 
battery 
voltage 
and provide warning of power loss when the battery 
is nearly discharged. 


LBR 
Ie 
N1AXINI 


MAX630 


Unlike battery backup systems that use 9V batteries, 
this circuit 
does not need +12 or +15V to recharge 


the battery. Consequently, 
it can be used to provide 
+5V backup on modules or circuit cards which only 
have 5V available. 


9V Battery Life Extender 


Figure 
7's circuit 
provides 
a minimum 
of 7V until 


the 9V battery 
voltage 
falls to less than 2V. When 


the battery voltage is above 7V the MAX630's Ie pin 
is low, putting 
it into the shutdown 
mode 
which 


draws only 10nA. When the battery voltage falls to 
7V, the 
MAX8212 Voltage 
Detector's 
output 
goes 


high, enabling the MAX630. The MAX630 then main- 
tains the output 
voltage 
at 7V even as the battery 


voltage 
falls 
below 
7V. The 
low 
battery 
detector 
(LBO) is used to decrease the oscillator 
fre~uency 


when the battery voltage falls to 3V, £hereby increas- 
ing the output current capability of the circuit. 


Note that this circuit 
(with or without 
the MAX8212) 


can be used to provide 5V from 4 alkaline cells. The 
initial voltage is approximately 
6V, and the output 
is 


maintained at 5V even when the battery voltage falls 
to less than 2V. 
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Dual »acklng Regulator 


A 
MAX634 
Inverting 
Regulator 
is combined 
with 


a MAX630 
in Figure 
8 to provide 
a dual tracking 


±1SV output 
from 
a 12V battery. The reference for 


the -1SV output 
is derived from the positive output 


.A;1A X l"'lfl 


MAX634 


LBO 
LBR 


via R3 and R4. Both regulators 
are set to maximize 


output 
power 
at low 
battery 
voltage 
by reducing 


the oscillator 
frequency, 
via LBR, when VSATT 
falls 


to 8.SV. 
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DEVICE 
DESCRIPTION 
INPUT VOLTAGE 
OUTPUT VOLTAGE 
COMMENTS 


ICL7660 
Charge Pump Voltage Inverter 
1.5V to 10V 
-V'N 
Not regulated 


MAX4193 
DC-DC Boost Converter 
2.4V to 16.5V 
VOUT> V'N 
RC4193 2nd source 


MAX630 
DC-DC Boost Converter 
2.0V to 16.5V 
VOUT> V'N 
Improved 
RC4191 2nd source 


MAX631 
DC-DC Boost Converter 
1.5V to 5.6V 
+5V 
Only 2 external components 


MAX632 
DC-DC Boost Converter 
1.5V to 12.6V 
+12V 
Only 2 external 
components 


MAX633 
DC-DC Boost Converter 
1.5V to 15.6V 
+15V 
Only 2 external 
components 


MAX4391 
DC-DC Voltage Inverter 
4V to 16.5V 
up to -20V 
RC4391 2nd source 


MAX634 
DC-DC Voltage Inverter 
2.3V to 16.5V 
up to -20V 
Improved 
RC4391 2nd source 


MAX635 
DC-DC Voltage Inverter 
2.3V to 16.5V 
-5V 
Only 3 external 
components 


MAX636 
DC-DC Voltage Inverter 
2.3V to 16.5V 
-12V 
Only 3 external components 


MAX637 
DC-DC Voltage Inverter 
2.3V to 16.5V 
-15V 
Only 3 external 
components 


MAX638 
DC-DC Voltage Stepdown 
3V to 16.5V 
VOUT<V'N 
Only 3 external 
components 


MAX641 
High Power Boost Converter 
1.5V to 5.6V 
+5V 
Drives external 
MOSFET 


MAX642 
High Power Boost Converter 
1.5V to 12.6V 
+12V 
Drives external 
MOSFET 


MAX643 
High Power Boost Converter 
1.5V to 15.6V 
+15V 
Drives external 
MOSFET 


~~I~JXI~~I 


CMOS Fixed/Adjustable 
Output 


Step-Up Switching Regulators 
_____________ 
Features 
________ 
General Description 


Maxim's 
MAX631, MAX632, 
and 
MAX633 
are +5V, 
+12V,and +15V fixed output, step-up DC-DC convert- 
ers for use in low power, high efficiency 
switching 


regulator 
applications. 
All 
control 
and 
power 


switching 
functions 
are included 
in a compact 
8-pin 


package: 
a bandgap 
reference, 
oscillator, 
voltage 


comparator, 
catch 
diode, 
and 
a 325mA 
(peak) 


N-channel 
MOSFET 
The only external 
components 


required are an output filter capacitor 
and a low cost 


inductor. 
Also 
included 
on-chip 
are 
low 
battery 


detection 
circuitry 
and a charge 
pump 
output 
for 


generating 
a 
negative 
voltage 
in 
dual 
supply 


applications. 


Though 
most simply used as fixed output regulators, 
the MAX631/32/33 
can also be set for other output 


voltages 
by 
adding 
an 
external 
voltage 
divider. 
Maxim's 
proprietary 
Dual 
Mode'· 
circuitry 
allows 


both fixed 
and adjustable 
output 
operation 
in one 


device. 


Maxim also manufactures 
fixed -5V, -12V, and -15V 


output, 
inverting 
DC-DC converters, 
as well as both 


positive 
and negative 
DC-DC 
converters 
with addi- 


tional 
features 
such as external 
MOSFET 
drive for 


higher 
power, 
adjustable 
oscillator 
frequency, 
and 


logic level shutdown. 
See Table 3 on the last page of 


this data sheet for a summary 
of other DC-DC con- 


verter products. 
__________ 
Applications 


Minimum 
Component, 
High Efficiency 
DC-DC Converters 


Portable Instruments 


Rechargeable 
and Primary Battery 
Power Conversion 


Uninterruptable 
On-Board 
Power Supplies 


Card Level Multiple Power Conversion 


.NIA X I.NI 


MAX631 
MAX632 
MAX633 


• 
High Efficiency 
- 
80% Typical 


• 
Only 2 External 
Components 


• 
Fixed +5V, +12V, +15V Output 
Voltages 


• 
Adjustable 
Output 
with Two Resistors 


• 
Charge 
Pump for Negative 
Output 


• 
Internal 
450mA 
(peak) 
Power 
MOSFET 


• 
Low Operating 
Current 
- 
135pA Typical 


• 
Compact 
8-Pln Mini-DIP 
and Small Outline 
Packages 


PART' 
TEMP. RANGE 
PACKAGE 


MAX631XCPA 
O°C to +70°C 
8 Lead Plastic DIP 


MAX631XCSA 
O°C to +70°C 
8 Lead Small Outline 


MAX631XC/D 
O°C to +70°C 
Dice 


MAX631XEPA 
-40°C to +85°C 
8 Lead Plastic DIP 


MAX631XESA 
-40°C to +85°C 
8 Lead Small Outline 


MAX631XEJA 
-40°C to +85°C 
8 Lead CERDIP 


MAX631XMJA 
-55°C to +125°C 
8 Lead CERDIP 


MAX632XCPA 
O°C to +70°C 
8 Lead Plastic DIP 


MAX632XCSA 
O°C to +70°C 
8 Lead Small Outline 


MAX632XC/D 
O°C to +70°C 
Dice 


MAX632XEPA 
-40°C to +85°C 
8 Lead Plastic DIP 


MAX632XESA 
-40°C to +85°C 
8 Lead Small Outline 


MAX632XEJA 
-40°C to +85°C 
8 Lead CERDIP 


MAX632XMJA 
-55°C to +125°C 
8 Lead CERDIP 


_____ 
Typical Operating 
Circuit 
_ 
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ABSOLUTE MAXIMUM RATINGS 


Storage Temperature 
...................•.... 
-65°C to +160°C 


Lead Temperature (Soldering 
10 sec) 
... 
+300°C 


Power Dissi pation 
Plastic DIP (derate 8.33mW/oC above +50°C) 
. 
Small Outline (derate 6mW/oC above +50°C) 
. 


CERDIP (derate 8mW/oC above +50°C) 
. 


Supply Voltage. VOUT 
+18V 
Output Voltage. Lx and LBO 
+18V 
Input Voltage. Pins 1 and 7 ........•..... 
-0.3V to (VOUT+ 0.3V) 
Lx Output 
Current 
450mA Peak 
LBO Output Current 
. 
50mA 
Operating 
Temperature Range 
MAX63XXC 
. 
O°C to +70°C 
MAX63XXE 
. •........ 
-40°C to +85°C 
MAX63XXM 
.....•..•...•..•......•....... 
-55°C to +125°C 


625mW 
450mW 
800mW 


Stresses above those listed under "Absolute Maximum 
Ratings" may cause permanent 
damage to the device. These are stress ratings only, and functional 


operation 
of the device 
at these or any other 
conditions 
above 
those indicated 
in the operational 
sections 
of the specifications 
is not implied. 
Exposure 
to 


absolute 
maximum 
ratings 
conditions 
for extended 
periods 
may affect device 
reliability. 


ELECTRICAL CHARACTERISTICS 
(TA = +25°C 
unless 
otherwise 
noted) 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN. 
TYP. 
MAX. 
UNITS 


Voltage at VOUT 
Operating 
Voltage Range 
Over Temperature (C, E) 
2.0 
16.5 
V 
Over Temperature (M) 
2.4 
165 


Voltage at VOUT 


Startup Voltage 
TA = +25°C 
1.5 
1.3 
V 
Over Temperature (C, E) 
1.8 
Over Temperature (M) 
2.0 


Lx off, Over Temperature 


Supply Current 
Is 
VOUT= +5V 
0.135 
0.4 
mA 
VOUT= +12V 
0.5 
2.0 


VOUT= +15V 
0.75 
2.5 


Reference Voltage (Internal) 
TA=+25°C 
1.24 
1.31 
1.38 
V 
Over Temperature 
1.20 
1.42 


No Load, VFB= GND 
Over Temperature 


MAX631AI 
4.75 
5.0 
5.25 


MAX632A 
5% Output Accuracy 
11.4 
12.0 
12.6 


VOUTVoltage 
MAX633A 
1425 
150 
15.75 
V 


MAX631 B} 
4.5 
5.0 
5.5 


MAX632B 
10% Output Accuracy 
10.8 
12.0 
13.2 


MAX633B 
13.5 
15.0 
16.5 


Efficiency 
80 
% 


Line Regulation 
(Note 1) 
+0.5VOUT< +Vs < VOUT 
008 
% VOUT 


Load Regulation 
(Note 1) 
Vs = +0.5VOUT' 
0.2 
% VOUT 
POUT= 0 to 150mW 


VOUT= +2V 
35 
Oscillator 
Frequency 
fo 
= +5V 
45 
kHz 


= +12V, +15V 
50 


Oscillator 
Duty Cycle 
50 
% 


Lx ON Resistance 
RON 
Ix = 100mA, VOUT= +5V 
6 
12 
n 
= +15V 
3.5 
7 


V. = +16.5V 


Lx Leakage Current 
IXL 
TA = +25°C 
0.01 
1.0 
p.A 
Over Temperature (C, E) 
30 


Over Temperature (M) 
100 


Diode Forward Voltage 
VF 
IF = 100mA, 
1.0 
V 


CP ON Resistance 
VOUT= +5V, lOUT= ±10mA 
70 
140 
n 
VOUT= +15V, lOUT= ±30mA 
30 
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ELECTRICAL CHARACTERISTICS (continued) 
(TA 
= +25°C unless otherwise 
noted) 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN. 
TYP. 
MAX. 
UNITS 


VFB Input Bias Current 
IFB 
0.01 
10 
nA 


Low Battery Input Threshold 
VLB1 
1.31 
V 


Low Battery Input BiasCurrent 
ILB1 
0.01 
10 
nA 


V, =+O.4V, V, =+1.1V 
Low Battery Output Current 
ILBO 
TA =25'C 
1.0 
mA 
OverTemperature 
0.5 


Low Battery Output 
ILBOL 
V, =+16.5V, 
V, =+1.4V 
0.01 
3.0 
IJ.A 
Leakage Current 


PIN 
NAME 
FUNCTION 


1 
LBI 
Low Battery Detector Input. When the 
voltage at LBI is lower than the Low Bat- 
tery Detector threshold (1.31V), LBO 
(Pin 2) sinks current. 


2 
LBO 
The Low Battery Detector Output is an 
open drain N-channel MOSFET which 
sinks current when the LBI (Pin 1) is 
below 1.31V. 


3 
Ground 
Ground 


4 
Lx 
This pin drives the external inductor with 
an internal N-channel power MOSFET. 
Lx has an output resistance of typically 
6n and a peak current rating of 325mA. 


5 
VOUT 
The regulated DC-DC converter output. 


PIN 
NAME 
FUNCTION 


6 
CP 
The Charge Pump output is a low imped- 
ance buffer which swings from 
GROUND to VOUT at the oscillator fre- 
quency. Two external capacitors and 
diodes can be connected to generate a 
negative output voltage (See Figure 3). 


7 
VFB 
When VFB is grounded, the DC-DC con- 
verter output will be the factory preset 
value. When an external voltage divider 
is connected from the VOUT to VFB and 
GROUND, this pin becomes the 
feedback input for adjustable output 
operation. 


8 
COMP 
The Compensation input is connected 
to the internal voltage divider which sets 
the fixed voltage output. In some circuit 
board layouts, a lead compensation 
capacitor (100pF to 10nF) connected 
between VOUT and COMP reduces low 
frequency ripple and improves transient 
response . 
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_______ 
Detailed Description 


The 
operation 
of 
the 
MAXS31132/33 can 
best 
be 


understood 
by examining 
the regulating 
loop of Fig- 


ure 
1. When 
the 
output 
voltage 
drops 
below 
the 


preset (or externally 
set) value, the Error Comparator 


switches high and connects the internal 45kHz Oscil- 
lator to the gate of the Lx output 
driver. The output 


device is a large N-channel 
MOSFET with a typical 
ON resistance 
of SO and a current 
rating of 150mA 


(325mA peak). The following 
equation, which approx- 


imately 
determines 
the required 
peak current 
for a 


given application, 
provides a good rule of thumb 
to 


see if the MAXS31132/33's output device is suitable: 


8 (VOUT- VIN) lOUT~ 450mA 


VIN 
When activated, 
Lx turns on and off at the internal 


clock frequency. 
During each ON half cycle, the cur- 


rent through the inductor rises linearly, storing energy 
in the coil. When Lx switches off, the coil's magnetic 
field collapses, 
and voltage 
across the inductor 
re- 


verses sign. The voltage 
at Lx then 
rises until 
the 


internal diode is forward 
biased, delivering 
power to 
the 
output. 
When 
the 
output 
voltage 
reaches 
the 


desired 
level, the Error Comparator 
inhibits 
Lx until 


the load discharges 
the output filter capacitor to less 


than the desired output level. See the Maxim MAXS30 
data sheet for further discussion on different types of 
DC-DC converters. 


V'N,Bootstrapped Operation 


The MAXS31132/33 does not have a VIN pin. Input 
power to start the DC-DC 
converter 
is supplied 
via 


the external inductor 
to the VOUTpin. Once the con- 


verter has started, 
it is then powered 
from 
its own 


output. This "bootstrap" 
design ensures that the out- 


put MOSFET at Lx will have maximum gate drive and 
hence a minimum 
RON. It also allows the converter to 


start at lower input voltages. 


V'N, Greater 
Than VOUT 


If the regulator's 
input voltage is more than one for- 


ward 
diode 
drop 
greater 
than 
the 
desired 
output 


voltage, the Lx output 
will not turn on. Current 
will 


still 
be supplied 
to 
the 
load 
directly 
through 
the 


inductor 
and the internal diode, but without 
regula- 


tion. As long as the input is more than O.SVabove the 
desired output, the actual output voltage will be equal 
to the input voltage minus O.Sv. 


Fixed or Adjustable Output 


For operation 
at one of the preset output 
voltages 


(+5V for the MAXS31, +12V for MAXS32, and +15V for 
MAXS33j, VFBis connected 
to GROUND. No external 


resistors are required. 


For adjustable 
operation, 
other 
output 
voltages 
are 


selected by connecting 
an external voltage divider to 


VFB as shown 
in Figure 2. The output 
is set by R3 


and R4 as follows: 


Let R4 be any 
resistance 
in the 10kO to 10MO 


range, typically 
100kO 


R3 = R4 (VOUT - 1 ) 
1.31V 


LISEE 
TEXT) 


VIN 


Lx 


Vour 
I 
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*CCOMP 
MAX631 
1 
I 
I~f 


MAX632 
V" 
_..J 


MAX633 


83.84 
VOUT_1 
1.31V 


VIII s:VOUT 


CMOS Fixed/Adjustable 
Output 
Step-up Switching Regulators 


______ 
External 
Components 
Inductor Selection 


The available 
output 
current 
from 
a DC-DC 
voltage 
boost 
converter 
is a function 
of the 
input 
voltage, 


external 
inductor 
value, output 
voltage 
and the oper- 
ating frequency. 
For most MAX631/32/33 
applications 
the 
inductor 
is the 
only 
design 
variable 
since 
the 
operating 
frequency 
is fixed, 
and the input 
and out- 
put voltages 
are set by the application. 
The 
proper 
inductor 
must 1) have the correct 
inductance, 
2) be 
able 
to 
handle 
the 
required 
peak 
currents, 
and 
3) 
have acceptable 
series resistance 
and core losses. 


When 
the 
MAX631/32/33's 
N-channel 
output 
device 
turns on, the coil current 
linearly 
rises since: 


di 
V 


dt 
L 


At 
the 
end 
of the 
on-time, 
tON, the 
peak 
current, 


Ipk, is: 


Low Battery Detector 


The 
Low 
Battery 
Detector 
compares 
the voltage 
on 
the Low 
Battery 
Input 
(LBI, 
Pin 1) with 
the internal 
1.31V bandgap 
reference. 
The Low 
Battery 
Detector 
Output 
(LBO, 
Pin 2) goes 
low 
whenever 
the 
input 
voltage 
at LBI 
is less than 
1.31V. The 
Low 
Battery 
detection 
voltage 
is 
set 
by 
resistors 
R1 
and 
R2 
(Figure 
1). 


Let 
R2 be any 
resistance 
in the 
10kO to 
10MO 
range, typically 
100kO 


VLB 
R1 = R2 (1.31V -1) 
(VLB is the desired 
Low 
Battery detection 
voltage) 


Negative Output Voltage 


The Charge 
Pump 
(CP) output, 
pin 6, is a low impe- 
dance 
buffer 
which 
swings 
from 
Ground 
to VOUT at 
the oscillator 
frequency. 
Two external 
capacitors 
and 
diodes 
can 
be connected 
as shown 
in Figure 
3, to 
generate 
a negative 
output 
voltage 
of -(VOUT - 1.2V) 
or a positive output of 2(VOUT-1.2V). 
1.2V is the forward 
drop of two silicon 
diodes. 
Both circuits 
can be used 
at once 
if desired. 
With 
10JlF capacitors, 
the output 
impedance 
of 
Vcp 
is about 
30 
ohms. 
If space 
is 
critical, 
the 
capacitors 
can 
be reduced, 
but 
with 
a 
slight 
increase 
in output 
impedance 
and Vcp output 
ripple. See also Typical Applications, 
Figure 4 and 5. 


~,., 
,•.. 
Dr 
,-= 
T 
I~ 
-. 
Vcp = -(VOU! - 2V,,· 


IN4148I 
lN4148 


Figure 3. Using the Charge Pump (CP) output 
as a voltage 
inverter 
and/or 
doubler. 
Both circuits 
can be used 
together. 


I_V 
tON 
pk--L- 
1 
where: tON = 2fo 


The energy 
in the coil is: 


L Ipk2 
EL=-2- 


At maximum 
load this cycle 
is repeated 
fo (typically 
45kHz) 
times 
per second, 
and the power 
transferred 
through 
the coil, 
PL = fo 
X EL. Since 
the coil 
only 
supplies 
the voltage above the input voltage: 


PL 
IOuT=---- 
VOUT- V1N 


The 
DC-DC 
converter's 
output 
current 
is provided 
both by the inductor 
and directly 
from the battery. 
If 
the 
load 
draws 
less than 
the 
maximum 
current, 
Lx 


turns 
on only 
often 
enough 
to keep the output 
volt- 
age at the desired 
level. 


If the 
selected 
inductor 
has too 
high 
a value, 
the 
MAX631/32/33 
will not be able to deliver 
the desired 
output 
power, even with the Lx output 
turned 
on for 
every oscillator 
cycle. The available output 
power can 
be increased 
by either 
raising 
the 
input 
voltage 
or 
lowering 
the inductance. 
This 
causes 
the current 
to 
rise at a faster rate, and results 
in a higher 
peak cur- 
rent at the end of each 
cycle. 
The 
available 
output 
power 
increases 
since it is proportional 
to the square 
of the 
peak 
inductor 
current. 
The 
maximum 
induc- 
tance therefore 
is: 


VIN2 
LMAX=-- 
8fo PL 


L I k2 fo 
V1N 
since: P 
= --p-- 
and: I 
= -- 
L 
2 
pk 
2fo L 
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Remember 
that the required 
output 
power 
must 
in- 


clude 
what 
is dissipated 
in the forward 
drop 
of the 


catch diode (VF) as well: 


POUT= lOUT (VOUT+VF) = PL + VIN lOUT 


If the coil's 
inductance 
is too 
low, the current 
at Lx 
may rise above 
the 
maximum 
rating. 
The 
minimum 


allowed 
inductor 
value is expressed 
by: 


VIN 
LMIN = --- 
(IMAX = 450mA) 


2fo IMAX 


Table 
2 shows 
nominal 
inductor 
parameters 
for 
a 


variety 
of input and output 
voltages. 
Values are given 


for 
both 
maximum 
output 
and 
maximum 
efficiency 
designs. 
In low power circuits 
where efficiency 
is not 


critical, 
a low cost 
molded 
inductor 
will suffice. 
For 
higher 
power 
circuits, 
or 
when 
high 
efficiency 
is 


required, 
pot cores and toroids 
should 
be used. See 
Tables 1 and 2 for typical 
part numbers 
and manufac- 


turers. 
Refer 
to the 
Maxim 
MAX630 
data sheet 
for 


additional 
information 
on inductor 
selection. 


MANUFACTURER 
TYPICAL 
DESCRIPTION 
PART# 


MOLDEDINDUCTORS 


Dale 
IHA-104 
500I'H,0.5 ohms 


Caddell-Burns 
7070-29 
220I'H,0.55ohms 
Gowanda 
1B253 
250I'H,0.44ohms 
TRW 
LL-500 
500I'H,0.75ohms 
POTTEDTOROIDALINDUCTORS 


Dale 
TE-3Q4TA 
1mH,0.82ohms 
TRW 
MH-1 
600I'H, 1.9ohms 
Gowanda 
050AT1003 
100I'H,0.05ohms 
FERRITECORESAND TOROIDS(Note 2) 


Allen Bradley 
T0451S100A 
Tor.Core, 
500nH/T2 


Siemens 
B64290-K38-X38 Tor.Core,4I'H/T2 


Magnetics 
555130 
Tor.Core, 
53nH/T2 


Stackpole 
57-3215 
Pot Core, 
14mmx 8mm 


Magnetics 
G-41408-25 
Pot Core, 
14x 8, 250nH/T2 


This list does not constitute an endorsementby Maxim 
Integrated Products and is not intended to be a 
comprehensive list of all manufacturers of these 
components. 
Permag Corp. is a distributor for many of the listed 
core and toroid manufacturers. (516)822-3311 


Output 
Filter 
Capacitor 


The 
MAX631/32/33's 
output 
ripple 
has two 
compo- 


nents 
which 
are 900 
out of phase. 
One component 


results 
from 
the change 
in the stored 
charge 
on the 


filter 
capacitor 
with 
each 
Lx pulse. The other 
is the 


product 
of the capacitor's 
charge-discharge 
current 


and its ESR (equivalent 
series 
resistance). 
With 
low 


cost aluminum 
electrolytic 
capacitors, 
the ESR pro- 


duced 
ripple 
is often 
larger 
than that caused 
by the 


change 
in charge. 
Consequently, 
high quality 
alumi- 


num or tantalum 
filter capacitors 
will minimize 
output 


ripple, 
even if smaller 
capacitance 
values 
are used. 


Best results at reasonable 
cost are typically 
achieved 


with 
a high quality 
aluminum 
electrolytic, 
in the 100 


to 
500j.lF 
range, 
in 
parallel 
with 
a 0.1j.lF ceramic 


capacitor. 
See the 
MAX630 
data sheet 
for 
more 
in- 
formation 
on output 
filter capacitors. 


Catch Diode 


The 
MAX631 
series 
regulators 
contain 
an 
internal 
"catch" 
diode and therefore 
require 
no external 
diode 


for most applications. 
If desired 
however, an external 
diode 
can be connected 
in parallel 
with 
the internal 


diode 
at the Lx and VOUT pins. A Schottky 
diode 
for 


example, 
with 
a low forward 
voltage 
drop, 
will 
pro- 
vide some improvement 
in efficiency. 


Bypassing 
and Compensation 


Since the inductor 
charging 
current 
can be relatively 


large, high currents 
flow through 
the ground 
connec- 


tion 
to 
the 
MAX631/32/33. 
To 
prevent 
unwanted 


feedback, 
the impedance 
of the ground 
path must be 


as 
low 
as 
possible, 
and 
power 
supply 
bypassing 


should 
be used. 


When 
large values 
(>50kf1) 
are used for the voltage 


setting 
resistors 
(adjustable 
output 
mode), R3 and R4 


of Figure 
2, stray 
capacitance 
at the VFB input 
can 


add a "lag" 
to the feedback 
response, 
destabilizing 


the 
regulator, 
increasing 
low frequency 
ripple, 
and 


lowering 
efficiency. This problem 
can often be avoided 


by minimizing 
lead lengths 
and 
circuit 
board 
trace 


size at the 
VFB node. 
It can 
also 
be remedied 
by 


adding 
a "lead" 
compensation 
capacitor 
(100pF 
to 10nF) in parallel with R3. 


The CaMP 
input, 
pin 8, allows 
access to the internal 


voltage 
divider 
so that 
compensation 
can 
also 
be 


added when fixed output 
operation 
is used. A capaci- 


tor connected 
between 
VOUT and CaMP 
again adds 


a "lead" to the regulator's 
response. 
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_______ 
l'/pical Applications 
Basic Step-Up Circuits 
Figure 1 shows the basic boost or step-up circuit for 
the MAX631, MAX632, and MAX633. The circuit is the 
same for Table 2 which shows values for typical input 
voltages and output currents. 


Table 2. Inductor Selection 
for Common Designs 


V'N 
VOUT 
lOUT 
Elf. 
INDUCTOR 
(V) 
(V) 
(mA) 
('!o) 
P.N. (Note 1) 
I'H 
n 


2 
5 
5 
78 
CB 6860-21 
470 
04 
2 
5 
10 
74 
G 1B253 
250 
044 
2 
5 
15 
61 
G 1B103 
100 
025 
3 
5 
25 
82 
CB 6860-21 
470 
04 


3 
5 
40 
75 
CB 7070-29 
220 
0.55 


3 
12 
5 
79 
CB 6860-19 
330 
0.35 
3 
12 
10 
79 
CB 7070-28 
180 
048 
5 
12 
12 
88 
CB 6860-21 
470 
04 
5 
12 
25 
87 
CB 6860-19 
330 
0.35 


3 
15 
5 
73 
CB 7070-29 
220 
0.55 
3 
15 
8 
71 
CB 7070-27 
150 
043 
5 
15 
10 
85 
CB 6860-21 
470 
04 
5 
15 
15 
85 
CB 6860-19 
330 
0.35 


8 
15 
35 
90 
G 1B503 
500 
056 


Note 1: 
CB = Cadell-Burns, 
NY, (516)-746-2310 
G = Gowanda Electronics 
Corp., NY, (716)-532-2234 
Other Manufacturers 
Listed In Table 1 


Plus and Minus Output Voltages 


Both 
positive 
and negative output 
voltages 
can be 
generated 
with only 
one inductor 
when the charge 
pump (CP) output is connected as shown in Figure 4. 
The circuit 
provides approximately 
±10mA with VOUT 
= 
+15V, 
(MAX633), 
and 
±15mA 
if VOUT = 
+12V 
(MAX632). The negative output is about 3V less than 
VOUT due to the forward 
voltage drop of the 1N4148 
diodes 
and 
the 
output 
impedance 
of 
CPo 
Using 
Schottky 
diodes 
(IN5817) will 
increase the negative 
output 
by about 
1V. The 
preformance 
of the 
CP 
output is shown in Figure 5. 


CHARGE PUMP NEGATIVE 
OUTPUT VOLTAGE 


YS. OUTPUT CURRENT 


-10 
~ 
!; 
-8 
~ 
-6 


-4 
" 
+VOUT = +5V 


-2 
",,", 
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SCHOTTKYDIODES 


" 
-- 
IN4148 SILICON DIODES 
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Table 3. Maxim 
DC-DC 
Converters 


DEVICE 
DESCRIPTION 
INPUT VOLTAGE 
OUTPUT VOLTAGE 
COMMENTS 


ICL7660 
Charge Pump Voltage Inverter 
1.5V to 10V 
-V'N 
Not regulated 


MAX4193 
DC-DC Boost Converter 
2.4V to 16.5V 
VOUT> 
V1N 
RC4193 2nd source 


MAX630 
DC-DC Boost Converter 
2.0V to 16.5V 
VOUT > V,N 
Improved 
RC4191 2nd source 


MAX631 
DC-DC Boost Converter 
1.5V to 5.6V 
+5V 
Only 2 external 
components 


MAX632 
DC-DC Boost Converter 
1.5V to 12.6V 
+12V 
Only 2 external 
components 


MAX633 
DC-DC Boost Converter 
1.5V to 15.6V 
+15V 
Only 2 external 
components 


MAX4391 
DC-DC Voltage Inverter 
4V to 16.5V 
up to -20V 
RC4391 2nd source 


MAX634 
DC-DC Voltage Inverter 
2.3V to 16.5V 
up to -20V 
Improved 
RC4391 2nd source 


MAX635 
DC-DC Voltage Inverter 
2.3V to 16.5V 
-5V 
Only 3 external 
components 


MAX636 
DC-DC Voltage Inverter 
2.3V to 16.5V 
-12V 
Only 3 external 
components 


MAX637 
DC-DC Voltage Inverter 
2.3V to 16.5V 
-15V 
Only 3 external 
components 


MAX638 
DC-DC Voltage Stepdown 
3V to 16.5V 
VOUT < V1N 
Only 3 external 
components 


MAX641 
High Power Boost Converter 
1.5V to 5.6V 
+5V 
Drives external 
MOSFET 


MAX642 
High Power Boost Converter 
1.5V to 12.6V 
+12V 
Drives external 
MOSFET 


MAX643 
High Power Boost Converter 
1.5V to 15.6V 
+15V 
Drives external 
MOSFET 


PART' 
TEMP. RANGE 
PACKAGE 


MAX633XCPA 
O°C to +70°C 
8 Lead Plastic DIP 


MAX633XCSA 
O°C to +70°C 
8 Lead Small Outline 


MAX633XC/D 
O°C to +70°C 
Dice 


MAX633XEPA 
-40°C to +85°C 
8 Lead Plastic DIP 


MAX633XESA 
-40°C to +85°C 
8 Lead Small Outline 


MAX633XEJA 
-40°C to +85°C 
8 Lead CERDIP 


MAX633XMJA 
-55°C to +125°C 
8 Lead CERDIP 
rt 


~_(20_.4O:_m~~_) 
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_______ 
General Description 


Maxim's 
MAX634 and MAX4391 CMOS 
DC-DC 
regu- 
lators 
are 
designed 
for 
simple, 
efficient, 
inverting 
DC-DC 
converter 
circuits. 
The MAX634 and MAX4391 
switching 
regulators 
provide 
all control 
and 
power 
handling 
functions 
in a compact 
8 pin 
package: 
a 
1.25V bandgap 
reference, 
an oscillator, 
a comparator 
for output 
voltage 
regulation, 
and a 375mA P-channel 
output 
MOSFET. 
A second 
comparator 
is also pro- 
vided for convenient 
low battery 
detection. 


The operating 
current 
is typically 
100~A and is nearly 
independent 
of output 
switch 
current 
and duty cycle, 
thus 
ensuring 
high 
efficiency 
even 
in 
low 
power 
battery 
operated 
systems. 
Operating 
in the inverting 
configuration, 
the MAX634 and MAX4391 can convert 
a positive 
input 
voltage 
in the range of +3V to 16.5V 
to any negative 
output 
voltage 
up to -20V. 


These 
devices 
are pin compatible 
enhancements 
of 
the Raytheon 
bipolar 
circuit, 
RC4391. Improvements 
include 
significantly 
higher 
efficiency, 
extended 
low 
voltage 
operation 
and 
improved 
output 
voltage 
accuracy 
(MAX634). 


Maxim 
manufactures 
a broad 
line of DC-DC 
conver- 
ters, including 
the MAX635, 
MAX636, 
and MAX637; 


which 
reduce 
the external 
component 
count 
in fixed 
-5V, -12V, and -15V output 
DC-DC 
converter 
circuits. 
See Table 2 on the last page of this data sheet for a 
summary 
of other 
Maxim 
DC-DC 
converters. 


__________ 
Applications 


High Efficiency 
Battery 
Powered 
DC-DC 
Converters 


Board Level, Local Power Supply 
Generation 


Regulated 
Negative 
Output 
Power Supplies 


+5V to ±12V or ±15V Power Conversion 


Regulated 
Voltage 
Inverters 


____________ 
Features 


• 
Converts Positive Voltage to Negative Voltage 


• 
Low Operating Current-100~A 


• 
Compact 8 Pin MiniDIP and SO Packages 


• 
High Efliciency-85% 
Typical 


• 
Low Battery Detector 


• 
4% Output Voltage Accuracy (MAX634) 


• 
+3V to +16.5V Input Voltage Range 


• 
Adjustable Output Voltage 
-Up 
to -20V with Simple Coil 
-Virtually 
Unlimited Voltage with 
Transformer 


PART 
TEMP. RANGE 
PACKAGE 


MAX634C/D 
DOCto +7DoC 
Dice 


MAX634CPA 
DOCto +7DoC 
8 Lead Plastic DIP 


MAX634CSA 
DOCto +7DoC 
8 Lead Small Outline 


MAX634EPA 
-4DoC to +85°C 
8 Lead Plastic DIP 


MAX634ESA 
-4DoC to +85°C 
8 Lead Small Outline 


MAX634EJA 
-4DoC to +85°C 
8 Lead CERDIP 


MAX634MJA 
-55°C to +125°C 
8 Lead CERDIP 


MAX4391C/D 
DOCto +7DoC 
Dice 


MAX4391 CPA 
DOCto +7DoC 
8 Lead Plastic 01P 


MAX4391CSA 
DOCto +7DoC 
8 Lead Small Outline 


MAX4391EPA 
-4DoC to +85°C 
8 Lead Plastic DIP 


MAX4391ESA 
-4DoC to +85°C 
8 Lead Smal,1Outline 


MAX4391EJA 
-4DoC to +85°C 
8 Lead CERDIP 


MAX4391MJA 
-55°C to +125°C 
8 Lead CERDIP 


lO.f 
-5V IN 
-f---:L 


LBR 
-Vs 
-5V OUT 


':' 


/111./JXINI 


LBO 
MAX634 


ex 


GNO 
~ 
4 
':' 


+5V to -5V Converter 
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ABSOLUTE MAXIMUM RATINGS 


Supply Voltage (Note 1) 
. 
+18V 
Storage Temperature 
Range 
-65·C to +160·C 
Lead Temperature 
(Soldering, 
10 seconds) 
+300·C 
Operating 
Temperature 
Range 
MAX634C, MAX4391 C 
MAX634E, MAX4391 E 
MAX634M, MAX4391 M 


Power Dissipation 


Plastic DIP (derate 8.33mW/·C above +50·C) 
625mW 
Small Outline (derate 6mWfOC 
above +50·C) 
450mW 
CERDIP (derate 8mW/·C above +50·C) 
800mW 


Input Voltage, Pins 1, 3, 8 (Note 2) 
-0.3V to +Vs +0.3V 
Lx Output Current 
. . . . .. 
525mA Peak 


LBD Output Current 
. 
SOmA 


. . . . . . . .. . . . ... 
O·C to +70·C 
.. 
-40·C to +85·C 
-55·C to +125·C 


Stresses above those listed under "Absolute Maximum 
Ratings" may cause permanent 
damage to the device. These are stress ratings only, and functional 
operation 
of the device 
at these or any other conditions 
above those indicated 
in the operational 
sections 
of the specifications 
is not implied. 
Exposure 
to 


absolute 
maximum 
ratings 
conditions 
for extended 
periods 
may affect device reliabifity. 


ELECTRICAL CHARACTERISTICS 
(+Vs = +6.0V, TA = +25°C, 
unless 
otherwise 
noted) 


PARAMETER 
SYMBOL 
CONDITIONS 
MAX634 
MAX4391 
UNITS 
MIN. 
TYP. 
MAX, 
MIN. 
TYP. 
MAX. 


Supply Voltage (Note 1) 
+Vs 
2.3 
16.5 
4.0 
16.5 
V 


No External Loads 
Supply Current 
I'N 
+Vs = 4.0V 
70 
150 
90 
250 
p.A 


+Vs = 16.5V 
150 
500 
170 
500 


Output Voltage 
VOUT 
VOUTnom = -5.0V 
-5.20 
-4.80 
-535 
-4.65 
V 
VOUTnom = -15.0V 
-15.70 
-14.30 
-15.85 
-14.15 


Line Regulation 
(Note 4) 
VOUTnom = -5.0V 
2.0 
3.0 
OfoVOUT 
V'N = 5.0V to 15V 


VOUT nom = -5.DV 


+Vs = 4.5V, Cx = 350pF 
0.4 
0.4 


Load Regulation 
(Note 4) 
PLOAO= OmW to 75mW 
OfoVOUT 
VOUTnom = -15.0V 


+Vs = 4.5V, Cx = 350pF 
0.14 
0.14 
PLOAD= OmW to 75mW 


Reference Voltage 
1.22 
1.25 
1.28 
1.18 
1.25 
1.32 
V 


Switch Current 
Isw 
Pin 5 = 5.0V 
75 
150 
75 
150 
mA 


Switch Leakage Current 
Ico 
Pin 5 = -18V, +Vs = 6V 
0.01 
1.0 
0.01 
5.0 
p.A 


Capacitor 
Charging 
Current 
Icx 
30 
30 
p.A 


Cx + Threshold 
Voltage 
+Vs- 0.1 
+Vs-0.1 
V 


Cx - Threshold 
Voltage 
0.1 
0.1 
V 


Operating 
Frequency Range 
Fo 
0.1 
75 
0.1 
75 
kHz 
(Note 3) 


Low Battery Output Current 
ILBD 
V. = O.4V,V, = 1.1V 
500 
1000 
250 
600 
p.A 


Low Battery Output Leakage 
ILBDO 
V. = 16.5V,V, = 1.4V 
0.01 
3.0 
0.01 
5.0 
p.A 


Low Battery Input Threshold 
VLBR 
1.25 
1.25 
V 


Low Battery Input Bias Current 
ILBR 
0.01 
10 
0.01 
10 
nA 


Feedback Input Bias Current 
IFe 
0.01 
10 
0.01 
10 
nA 


Efficiency 
Figure 2 
80 
80 
% 


Note 1: 
Note 2: 
Note 3: 
Note 4: 


In addition to the Absolute Maximum rating of +18V, the input voltage also must not exceed 24 -I-VOUTI. 
The input voltage limit may be exceeded provided 
input current 
is limited to less than 1mA. 
The operating frequency 
range is guaranteed 
by design and verified with sample testing. 


Guaranteed by correlation 
with DC pulse measurements. 
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ELECTRICAL CHARACTERISTICS 
(+Vs = +6.0V, full operating 
temperature 
range unless otherwise 
noted) 


PARAMETER 
SYMBOL 
CONDITIONS 
MAX634 
MAX4391 
UNITS 
MIN. 
TYP. 
MAX. 
MIN. 
TYP. 
MAX. 


Supply Voltage (Note 5) 
+Vs 
26 
16.5 
40 
16.5 
V 


No External Loads 
Supply Current 
I'N 
+Vs = 4.0V 
150 
250 
jJ.A 
+Vs = 16.5V 
500 
500 


Reference Voltage 
VREF 
1.18 
1.25 
1.32 
113 
1.25 
1.36 
V 


Output Voltage 
VOUT 
VOUT nom = -5.0V 
-5.25 
-4.75 
-5.5 
-4.5 
V 
VOUT nom = -15.0V 
-16.0 
-14.0 
-16.5 
-13.5 


Line Regulation 
VOUT nom = -5.0V 
3.0 
4.0 
OJoVOUT 
+Vs= 5.0V to 15V 


VOUT nom = -5.0V 
+Vs= 4.5V,Cx = 350pF 
0.5 
0.5 


Load Regulation 
PLOAD = OmWto 75mW 
OJoVOUT 
VOUT nom = -15.0V 
+Vs= 4.5V,Cx = 350pF 
0.3 
0.3 
PLOAD = OmWto 75mW 


Switch Leakage Current 
Ico 
Pin 5 = -18V, +Vs= 6V 
001 
20 
30 
jJ.A 


Low Battery Output Current 
ILBD 
VB= O.4V,V, = 1.1V 
500 
250 
jJ.A 


Low Battery Output Leakage 
ILBDO 
VB= 16.5V, V, = l.4V 
3 
5 
jJ.A 


PIN 
NAME 
FUNCTION 


1 
LBR 
Low Battery Detection comparator 
input. 


The LBO output, pin 2, sinks current 
when this pin is below the low battery 
detector threshold of 1.25V 


2 
LBO 
The Low Battery Detector output is an 
open drain N-channel MOSFET which 
sinks current when the LBR input, pin 1, 
is below 1.25V 


3 
Cx 
An external capacitor connected 
between this terminal and ground sets 
the oscillator frequency. 47pF = 40kHz 


4 
GND 
Ground. 


5 
Lx 
External Inductor output driver. The 
internal P-channel MOSFET which drives 
this pin has an output resistance of 80 
and a peak current rating of 525mA. 


PIN 
NAME 
FUNCTION 


6 
+Vs 
The positive supply voltage, from +3V to 
+16.5V (MAX634). The total voltage 
difference between the negative output 
voltage and the positive input voltage 
must be less than 24V 


7 
VREF 
The Voltage REFerence output is 1.25V, 
generated by an on-chip bandgap 
reference. 


8 
VFB 
The output voltage is set by an external 
resistive divider connected to the 
Voltage Feedback input, pin 8. The 
MAX634/MAX4391 will pulse the Lx 
ouput whenever the voltage at this 


, 
terminal is above Ground. 
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__________________ 
Typical Operating 
Characteristics 


SUPPLY 
CURRENT 
SUPPLY 
CURRENT 
ys. 
vs. TEMPERATURE 
SUPPLY 
VOLTAGE 


140 
300 
T,·25·C 


120 
v· ~+5V 
Rl:= co 
250 


100 


2110 


c 
so 


3 
1 150 


BO 
.!t! 


1110 


40 


20 
so 


-so 
-25 
0 
25 
so 
75 
1110 
125 
B 
10 
12 
14 
16 


TEMPERATURE I'CI 
·V,IVI 


c 
~ 
10 


_______ 
Detailed Description 


Principle of Operation 


Figure 
1 shows 
a simplified 
buck-boost 
voltage 


inverter, 
sometimes 
called 
an inverting 
or flyback 


converter. When the switch is closed a charging cur- 
rent flows through 
the inductor, creating a magnetic 


field. When the switch opens, the current continues 
to flow through the inductor in the same direction as 
the charging 
current. Since the switch is now open, 
the current 
must flow 
through 
the diode, 
thereby 


charging 
the capacitor 
with a negative voltage. The 


current 
linearly 
decays to zero and the magnetic 


field collapses as the energy stored in the inductor is 
transferred to the output filter capacitor. 


The MAX634 controls the magnitude of the negative 
output voltage by turning 
the switch on and off only 


when the output voltage has fallen below the desired 
value. 


Basic Circuit Operation 


Figure 2 shows the standard circuit for converting 
a 


positive input voltage into a negative voltage. When 
the feedback 
voltage at pin 8 is above ground, 
the 


P-channel MOSFET at pin 5 turns on during the next 
low-going 
period 
of the oscillator. 
The 
P-channel 


MOSFF - delivers 
current 
to the external 
inductor, 


storing energy in its magnetic field. When the oscil- 
lator output goes high, the P-channel MOSFET turns 
off, and the "kickback" 
of the inductor 
pulls current 


through 
diode D1, negatively charging the output fil- 


ter capacitor, C1. This cycle repeats until the output 
voltage pulls the feedback input, pin 8, below ground. 


n, 


-=- Villi 
'; 


- 
- 
(! l 
: 
C 
VOUT 
( 


+ 


The NOR gate latch prevents high frequency oscilla- 
tions by not allowing 
Lx to switch repeatedly during 


an oscillator cycle. 


The 
output 
voltage 
is determined 
by the internal 


1.25V reference and the ratio of the resistors R1 and 
R2. 


R1 
VOUT = 1.25V x R2 


Capacitor C1 is the output filter capacitor. The capac- 
itance and ESR (equivalent 
series resistance) of C1 


determine the output 
ripple. C2 and C3 are bypass 


capacitors; while Cx sets the oscillator frequency. 
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TO 
+VIN 
c----1 
I 
• 
I 
"R4 


R5 
~ 
~ 
1 
HOD ~ 
t- 
I 
R3 
" 
I 
2100~ 
I 
~ 
LDW~AtW~ 
L__ 
.::'" 
__ 
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OUTPUT 
VOLTAGE 


-5.0V 
-9.0V 
-12.0V 
-15.0V 


300kO 
536kO 
720kO 
900kO 


Oscillator 


The 
MAX634/MAX4391 
oscillator 
uses 
only 
one 
external 
component, 
a capacitor 
Cx 
connected 
between pin 3 and Ground. A value of 47pF sets the 
oscillator frequency to approximately 
40kHz. 


The oscillator 
can also be externally 
driven with a 
CMOS gate which swings from ground to +Vs. The 
Lx output 
is always off when the Cx pin is externally 
driven high. 


Low Battery Detector 


The Low Battery Detector (LBO) Output (pin 2, Fig- 
ure 2) sinks current 
whenever 
the input voltage at 
Low Battery Resistor (pin 1) is less than +1.25V.The 
LBR input 
is a high impedance 
CMOS input, with 
less than 10nA leakage current. The LBO output 
is 
an open drain N-channel 
MOSFET with about 500Il 
of output 
resistance. The operating 
voltage 
of the 


low battery detector can be adjusted using an exter- 
nal voltage divider as shown in Figure 2. If hysteresis 
is desired, add a resistor between pins 1 and 2. 


R4 
VLOBATT= 1.25V x (1 + R3) or, 


R4 = R3 
(VLOBATT- 1) 
x 
1.25V 


fEEDBACK 
COMPARATOR 
V" 
B 


where VLOBATTis the operating 
voltage of the low 


battery detector, and R3 is usually between 1OkIl and 
10MIl, with a typical value being 470kIl. 
__ 
External 
Component Selection 
Inductor Value 


The available output 
current from an inverting 
DC- 
DC voltage converter 
is determined 
by the value of 
~ 
the external 
inductor, 
the output 
voltage, the input 
~ 
voltage, and the operating 
frequency. 
The inductor 
must 1) have the correct 
inductance, 
2) be able to 
handle 
the peak currents, 
and 3) have acceptable 
series resistance and core losses. 


(VINTON)2f 


LMAX= 
2 P 
OUT 


L 
- V1NTON 
MIN-~ 


where 
IMAX is the 
maximum 
allowable 
peak 
Lx 


current (375mA). 


Contrary 
to what most people would expect at first 
glance, 
reducing 
the inductor 
value 
increases the 


available output current: lower L increases the peak 
current, 
thereby 
increasing 
the available 
power. If 
the inductance 
is too high, the MAX634/MAX4391 
will not be able to deliver the desired output 
power, 
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even with the Lx output 
turned 
on with each oscilla- 
tor cycle. The available output 
power can be increased 
by either 
decreasing 
the inductance 
or by decreas- 
ing the frequency. 
Decreasing 
the frequency 
increases 
the on period 
of the 
Lx output, 
thereby 
increasing 
the 
peak 
inductor 
current, 
which 
in turn 
increases 
the available 
output 
power since the output 
power 
is 
proportional 
to 
the 
square 
of 
the 
peak 
inductor 
current. 


The most common 
MAX634 circuit 
is the buck-boost 
voltage 
inverter 
(Figure 
2). When the P-channel 
out- 
put device 
is on, the current 
in the inductor 
linearly 
rises since: 


di 
V 
dt 
L 


At the end of the on period the current 
is 


I 
= V Ton = SV X SOlo'S- 2S0mA 
pk 
L 
1mH 


assuming 
a 10kHz, 
SO% duty 
cycle 
oscillator 
and 
+Vs = SV 


The energy 
in the coil is: 
1 
E = 2' L Ipk2 = 31.21o'J 


At maximum 
load this cycle 
is repeated 
10,000 times 
per second, 
and the power 
transferred 
through 
the 
coil is 10,000 x 31.21o'J= 312mW. If the output 
voltage 
is -SV, then 312/S = 62.SmA of output 
current 
is avail- 
able, ignoring 
losses and component 
tolerances. 
In a 
practical 
circuit, 
SOmA of output 
current 
is available 
at -Sv. 


The 
external 
inductor 
required 
by 
the 
MAX634/ 
MAX4391 
is readily 
obtained 
from 
a variety 
of sup- 
pliers. (See Table 1.) 
1\'pes of Inductors 


Molded 
Inductors 


These 
are 
cylindrically 
wound 
coils 
which 
look 
similar 
to 1 watt resistors. 
They have the advantages 
of low cost 
and 
ease of handling, 
but 
have higher 
resistance, 
higher 
losses, and lower 
power 
handling 
capability 
than other types. 


Potted 
Toroidal 
Inductors 


A typical 
1mH, 
0.82 
ohm 
potted 
toroidal 
inductor 
(Dale 
TE-3Q4TA) 
is 0.68S" 
in diameter 
by 0.38S" 
high and mounts 
directly 
onto a printed 
circuit 
board 
by its leads. Such 
devices 
offer 
high 
efficiency 
and 
mounting 
ease, but at a somewhat 
higher 
cost than 
molded 
inductors. 


Ferrite 
Cores 
(Pot 
Cores) 


Pot cores are very popular 
as switch-mode 
inductors 
since 
they 
offer 
high 
performance 
and 
ease 
of 
design. 
The 
coils 
are generally 
wound 
on a plastic 
bobbin, 
which 
is then 
placed 
between 
two 
pot core 
sections. 
A simple 
clip 
to 
hold 
the 
core 
sections 


together 
completes 
the 
inductor. 
Smaller 
pot cores 
mount 
directly 
onto 
printed 
circuit 
boards 
via the 
bobbin 
terminals. 
Cores 
come 
in a wide 
variety 
of 
sizes, 
often 
with 
the 
center 
posts 
ground 
down 
to 
provide 
an 
air 
gap. 
The 
gap 
prevents 
saturation 
while 
accurately 
defining 
the 
inductance 
per 
turn 
squared. 


Pot cores are suitable 
for all DC-DC 
converters, 
but 
are usually 
used 
in the 
higher 
power 
applications. 


They 
are also useful 
for experimentation 
since 
it is 
easy to wind coils onto the plastic 
bobbins. 


Toroidal 
Cores 


In volume 
production 
the toroidal 
core 
offers 
high 
performance, 
low 
size 
and 
weight, 
and 
low 
cost. 


They 
are, however, 
slightly 
more 
difficult 
for proto- 
typing, 
in that manually 
winding 
turns 
onto 
a toroid 
is more 
tedious 
than 
on the 
plastic 
bobbins 
used 
with 
pot cores. Toroids 
are more efficient 
for a given 
size since the flux 
is more evenly 
distributed 
than in 
a pot core, 
where 
the effective 
cross 
sectional 
area 
differs 
between 
the post, side, top and bottom. 


Since 
it is difficult 
to gap 
a toroid, 
manufacturers 
produce 
toroids 
using 
a mixture 
of 
ferromagnetic 
powder 
(typically 
iron or Mo-Permalloy 
powder) 
and 
a binder. 
The 
permeability 
is controlled 
by varying 
the 
amount 
of binder, 
which 
changes 
the effective 
gap between the ferromagnetic 
particles. Mo-Permalloy 
powder 
(MPP) cores have lower losses and are recom- 
mended 
for the highest 
efficiency, 
while 
iron powder 
cores are lower cost. 


MANUFACTURER 
TYPICAL 
DESCRIPTION 
PART # 


MOLDED INDUCTORS 


Dale 
IHA-104 
500I'H, 0.5 ohms 


Caddell-Burns 
6860-19 
330I'H, 0.33 ohms 


TRW 
LL-500 
500I'H, 0.75 ohms 


POTTED TOROIDAL INDUCTORS 


Dale 
TE-3Q4TA 
1mH, 0.82 ohms 


TRW 
MH-1 
600I'H, 1.9 ohms 


Torotel Prod. 
PT 53-18 
5001'H,5 ohms 


FERRITE CORES AND TOROIDS 


Allen Bradley 
T0451S100A 
Tor. Core, 
500nH/T2 


Siemens 
B64290-K38-X38 
Tor. Core, 41'H/T2 


Magnetics 
555130 
Tor. Core, 
53nH/F 


Stackpole 
57-3215 
Pot Core, 
14mm x8mm 


Magnetics 
G-41408-25 
Pot Core, 
14 x 8, 250nH/T2 


Note 1: 
This 
list 
does 
not 
constitute 
an endorsement 
by 


Maxim Integrated 
Products and is not intended to be 
a comprehensive 
list of all manufacturers 
of these 
components. 
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External Diode 


In most MAX634 circuits the inductor 
current returns 
to zero before Lx turns on for the next output 
pulse. 


This allows the use of slow turn-off 
diodes. On the 
other 
hand, the diode 
current 
abruptly 
goes from 
zero to full 
peak current 
each time Lx switches 
off 
(Figure 2, D1). To avoid excessive losses during turn- 
on, the diode must have a fast turn-on 
time. 


The 1N914 or 1N4148 is suitable for low power appli- 
cations. 
The 
1N5817 series of Schottky 
diodes 
or 
their equivalent are suitable for higher power applica- 
tions. Rectifier diodes such as the 1N4001 series are 
unacceptable 
since their slow turn-on 
results in ex- 
cessive losses. 
Filter Capacitor 


The output filter capacitor 
(C1 in Figure 2) stores the 
energy delivered by the inductor, and delivers current 
to the 
load. 
The 
output 
voltage 
ripple 
is directly 
affected by the capacitance 
and the equivalent series 
resistance (ESR) of the output filter capacitor. 


The output 
voltage ripple has two components, 
with 
approximately 
900 phase difference. One ripple com- 
ponent is' created by the change in stored charge in 
the capacitor with each output pulse. The other ripple 
component 
is the product 
of the capacitor 
charge/ 
discharge 
current 
times 
the 
ESR (effective 
series 
resistance) of the capacitor. With low cost aluminum 
electrolytic 
capacitors, 
the ESR produced 
ripple 
is 
generally 
larger than the ripple from the change 
in 
charge. 


VESR = Ipk x ESR (Volts P-P) 


= (~) 
x ESR (Volts P-P) 
2LF 


where VIN is the input voltage 
to the coil, 
L is the 
inductance 
of the coil, f is the oscillator 
frequency, 
and ESR is the equivalent 
series resistance 
of the 
output filter capacitor. 


The 
output 
ripple 
resulting 
from 
the 
change 
in 
charge on the filter capacitor is: 


Vdo = Q where: Q = tDiS X Ipeak 
x 1 
C 
2 
C 


V1N 
and: Ipeak 
= tCHG X L 


V 
- V1N(tCHG)(tOIS) 
dO - 
2LC 


where tCHG and tOIS are the charge 
and discharge 
times for the inductor (1/(2f) can be used for norminal 
calculations). 


Oscillator Capacitor. Cx 


The oscillator 
capacitor 
can be a low cost ceramic 
capacitor. 
If the circuit 
will be operated 
over a wide 
temperature 
range, an capacitor 
with a low tempera- 


ture coefficient 
of capacitance 
should be used. 


The value of Cx can be calculated 
using the formula: 


2.14x10-6 
Cx = 
f 
- CINT 


where f is the desired operating 
frequency 
in Hertz, 


and C1NTis the sum of the stray capacitance 
on the 
Cx pin and the internal capacitance 
of the package. 


The internal capacitance 
is about 1pF for the plastic 
package 
and 3pF for the CERDIP 
package. Typical 
stray capacitance 
is about 
3pF for 
normal 
printed 
circuit board layouts, but will be significantly 
higher if 
a socket is used. 


________ 
Application 
Hints 


Inductor Saturation 


When using off-the-shelf 
inductors, 
make sure that 
the peak current 
rating is observed. When designing 
your own inductors, 
observe the core manufacturer's 
Ampere-turns 
or NI ratings. 
Failure to observe 
the 
peak current 
or NI ratings may lead to saturation 
of 
the inductor, 
especially 
in circuits 
with external cur- 
rent boosting 
transistors. 
Inductor 
saturation 
leads 
to very high current levels through 
the external boost 
transistors, causing excessive power dissipation, 
poor 
efficiency, 
and possible damage to the inductor 
and 
the external transistor. 


Test for saturation 
by applying 
the maximum 
load, 


the maximum 
input voltage, 
and (for a safety mar- 
gin) lowering 
the clock 
frequency 
by 25%. Monitor 
the 
inductor 
current 
using 
a current 
probe. 
The 
normal inductor 
current waveform is a sawtooth with 
a linear current 
ramp. Saturation 
creates a nonlinear 
current 
waveform 
with 
a very 
rapid 
increase 
in 
current 
once the inductor 
saturates. 
It is this rapid 
current 
increase 
and the resultant 
high 
peak cur- 
rents that can damage the inductor 
and the external 
boost transistor. 
Bypassing and Compensation 


The high operating 
current 
pulses in the Lx output 
and the external 
inductor 
can cause erratic 
opera- 
tion 
unless 
the 
MAX43911MAX634 
is properly 
by- 
passed. Connect 
a 10J.LFbypass 
capacitor 
directly 
across the MAX4391 between 
pin 6 (+Vs) and pin 4 
(Ground) 
to minimize 
the inductance 
and high fre- 
quency 
impedance 
of the power source. Make sure 
that 
the 
high 
current 
ground 
return 
path 
of 
the 
inductor 
does 
not 
cause 
a voltage 
drop 
in 
the 
MAX4391 ground line. 
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The reference voltage output, 
pin 7, should also be 
bypassed to ground 
to avoid coupling 
to the high 
current path that includes the Lx output, the inductor, 
and its ground return. 


With light loads, coupling 
from the high power cir- 


cuit into the control 
circuitry 
may cause the output 
pulses to occur 
in bursts, 
thereby 
increasing 
low 
frequency 
ripple 
and degrading 
the line and load 


regulation. 
Normal operation 
with evenly distributed 
output 
pulses can be restored by adding a 100pF to 
10nF compensation 
capacitor 
across the feedback 


resistor, Rt 
Minimizing 
the stray capacitance on the 
VFB terminal 
will 
often eliminate 
the need for this 


compensation 
capacitor. 


_______ 
Tvpical Applications 


-5V Output 
Regulated 
Voltage 
Inverter 


The standard circuit 
in Figure 2 will deliver SOmA at 


-Sv. Efficiency is 8S% when using a low loss pot core 
or 
toroidal 
inductor 
such 
as the 
Dale TE3Q4TA 


series. Using a low cost molded inductor with several 
ohms series resistance reduces the efficiency to 70%. 


-12V and -15V Output 
DC-DC Inverters 


The circuit 
of Figure 2 can also be used for -12V or 


-1SV outputs 
by simply changing 
the value of R1 in 
the feedback network using the formula 


VOUT R2 
R1=~ 
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Dual Output, 
±12V 
or ±15V DC-DC Converters 


The buck-boost 
configuration 
of the MAX634 is well 


suited for dual output 
DC-DC converters. As shown 


in Figure 3, all that is needed is a second winding on 
the inductor. Typically, this second winding 
is bifilar 


(primary 
and secondary 
are wound 
simultaneously 


using two wires 
in parallel). 
The inductor 
core 
is 


usually a toroid or a pot core, see Table 1. 
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The negative output voltage is fully regulated 
by the 
MAX634. The positive voltage is semi-regulated, 
and 
will vary slightly with load changes on either the pos- 
itive or negative outputs. 
See the MAX630 data sheet 
for 
a similar 
circuit 
with 
a fully 
regulated 
positive 
output 
and a semi-regulated 
negative output. 
If both 
outputs 
must be fully 
regulated 
use both a MAX634 
and a MAX630, as shown in Figure 4. 


Voltage Inverter 


In Figure 
5, the negative 
output 
voltage 
tracks 
the 
positive input voltage. This circuit 
performs the same 
function 
as Maxim's 
ICL7660, but with better output 
regulation 
and higher output current capability. With 
the circuit 
components 
shown, 
Figure 5 will deliver 
approximately 
50mA at -9V when the input 
is +9V, 


and about 30mA at -5V when the input is +5V. 


Input voltage tracking 
is achieved by using the posi- 
tive 
input 
voltage 
as the 
reference 
instead 
of the 
onboard 
bandgap reference. 


The output 
voltage 
is set by the input voltage, 
R1, 


and R2 as follows: 


R2 
VOUT= - R1x +Vs 


Low Power Shutdown 


Unlike 
the MAX630, the MAX634 and MAX4391 do 
not have a logic level shutdown 
pin, but a low power 
mode can easily be implemented 
as shown in Figure 
6. Since the operating 
current 
is only 
250/LA 
maxi- 
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mum, 
the 
GND 
pin 
can 
be driven 
directly 
by 
a 
CMOS 
gate or N-channel 
FET. Drive GND 
low for 
normal operation; 
let it float or drive it high to enter 
the low power shutdown 
mode. In low power shut- 
down 
the 
MAX634 
circuit 
draws 
only 
the leakage 
current of the Lx output. 


The Ground 
pin should 
be well bypassed 
and any 
voltage drop across the CMOS gate adds to the ref- 
erence voltage, slightly 
increasing 
the regulated 
out- 
put voltage. 
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OUTPUT 
R1 
VOLTAGE 


-5.0V 
300kO 
-9.0V 
549kO 
-12.0V 
720kO 
-15.0V 
900kO 


Boosting 
Output 
Power 
With 
External 
Power Devices 


The MAX634 and MAX4391 are limited 
to a maxi- 


mum switch current 
of 375mA. If higher current, or 
output resistance less than the 6 ohms of the MAX634 
is required, the circuits 
of Figures 7, 8, or 9 can be 


used. 


The circuit 
of Figure 7 uses an NPN bipolar transis- 


tor 
to 
boost 
the 
output 
current. 
All 
of the 
NPN 
transistor 
base current 
is used to drive the inductor, 


but the voltage 
drop 
across the transistor 
will 
be 
approxmately 
0.7V. 


The 
circuit 
of 
Figure 8 uses a low resistance 
N- 
channel 
MOSFET in a transformer 
coupled 
voltage 
inverter circuit. This circuit has the advantage that a 
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Figure 
B. 
High 
Power 
+5V to -15V 
DC-DC 
Converter 


6-46 


8 
81 


V" 


82 
CI 
75kn 
~1000.llF 
7 
VREF 
·1.25V 


"HAXI"H 


MAX634 
I 
C2 


"::" 
O.I,uF 
MAX4391 
8 
-Vs 


Lx 
5 


positive 
output 
voltage 
can also 
be obtained 
by 


simply adding a diode and an output filter capacitor. 
The -15V output 
is fully regulated for both line and 


load variations; 
the +20V output 
voltage will varies 


with 
changes 
in load on either 
the +20V or -15V 


output, 
as well as changes 
in the +5V input. This 


variation is normally less than 10%. 


High Output 
Voltage 


The circuit 
in Figure 9 converts any positive voltage 


from +3V to +16V to any desired output 
voltage, as 


long 
as the 
voltage 
breakdown 
of 
the 
external 


P-Channel 
MOSFET is not exceeded. This circuit 
is 


also useful for generating 
a high 
power, high effi- 


ciency -12V or -15V output using a simple one wind- 
ing coil. 
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Operating with Wide Input Voltage Range 


The available 
output 
power varies as the square of 


the 
input 
voltage. 
The 
Low 
Battery 
Detector 
can 


compensate for a reduction in input voltage by lower- 
ing the oscillator 
frequency, 
as shown in Figure 10. 
With the values shown, 
the oscillator 
frequency 
is 


40kHz when the input voltage is above 6V. When the 
input falls below 6V, the Low Battery Detector (LBO) 
output 
goes 
low, placing 
the 
100pF capacitor 
in 


parallel with ex, reducing the oscillator 
frequency to 


14kHz. This increases the available output 
power by 


a factor of 3. 


This circuit 
can be used with any of the other appli- 


cation circuits in this data sheet. 
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Figure 
10. Wide Input 
Voltage Range 
Operation 
with 
Variable 


Frequency Oscilator. 
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Table 2. Maxim 
DC-DC 
Converters 


~ 


~ 


~ 
:!) 
S:I 


DEVICE 
DESCRIPTION 
INPUT VOLTAGE 
OUTPUT VOLTAGE 
COMMENTS 


ICL7660 
Charge Pump Voltage Inverter 
1.5V to 10V 
-V'N 
Not regulated 


MAX4193 
DC-DC Boost Converter 
2.4V to 16.5V 
VOUT> 
V'N 
RC4193 2nd source 


MAX630 
DC-DC Boost Converter 
2.0V to 16.5V 
VOUT> 
V1N 
Improved RC41912nd source 


MAX631 
DC-DC Boost Converter 
1.5V to 5.6V 
+5V 
Only 2 external components 


MAX632 
DC-DC Boost Converter 
1.5V to 12.6V 
+12V 
Only 2 external components 


MAX633 
DC-DC Boost Converter 
1.5V to 15.6V 
+15V 
Only 2 external components 


MAX4391 
DC-DC Voltage Inverter 
4V to 16.5V 
up to -20V 
RC4391 2nd source 


MAX634 
DC-DC Voltage Inverter 
2.3V to 16.5V 
up to -20V 
Improved RC4391 2nd source 


MAX635 
DC-DC Voltage Inverter 
2.3V to 16.5V 
-5V 
Only 3 external components 


MAX636 
DC-DC Voltage Inverter 
2.3V to 16.5V 
-12V 
Only 3 external components 


MAX637 
DC-DC Voltage Inverter 
2.3V to 16.5V 
-15V 
Only 3 external components 


MAX638 
DC-DC Voltage Stepdown 
3V to 16.5V 
VOUT < V'N 
Only 3 external components 


MAX641 
High Power Boost Converter 
1.5V to 5.6V 
+5V 
Drives external MOSFET 


MAX642 
High Power Boost Converter 
1.5V to 12.6V 
+12V 
Drives external MOSFET 


MAX643 
High Power Boost Converter 
1.5V to 15.6V 
+15V 
Drives external MOSFET 


f\.!axim 
cannt;Jt as,sume 
re~ponsibiJity 
for use of any 
clfcuitry 
other 
than 
circuitry 
entirely 
embodied 
in a Maxim 
product. 
No circuit 
patent 
licenses 
are Implied. 
Maxim 
reserves 
the right 
to change 
the circuitry 
and 
specifications 
without 
notice 
at any 
time. 
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_______ 
General Description 


Maxim's 
MAX635, 
MAX636, 
and 
MAX637 
are -5V, 
-12V, 
and 
-15V 
fixed 
output, 
inverting 
DC-DC 
converters 
for 
use 
in 
low 
power, 
high 
efficiency 
switching 
regulator 
applications. 
All 
control 
and 
power switching 
functions 
are included 
in a compact 
a-pin 
package: 
a 
bandgap 
reference, 
oscillator, 
feedback 
voltage 
comparator, 
and 375mA (peak) P- 
channel 
MOSFET. 
The 
only 
external 
components 
required 
are a diode, output filter capacitor, 
and low 
cost 
inductor. 
Convenient 
low 
battery 
detection 
circuitry 
is also included 
on-chip. 


Though 
most simply used as fixed output regulators, 
the MAX635/36/37 
can also be set for other output 
voltages 
by adding 
an external 
voltage divider. Max- 
im's proprietary 
Dual 
Mode'· 
circuitry 
allows 
both 
fixed and adjustable 
output operation 
in one device. 


Maxim also manufactures 
a series of +5V, +12V, and 
+15V DC-DC converters, 
as well as both positive and 
negative output 
switching 
regulators 
with additional 
features 
such as external 
MOSFET 
drive for higher 
power, 
adjustable 
oscillator 
frequency, 
and 
logic 
level shutdown. 
See Table 3 on the last page of this 
data sheet for a summary 
of other DC-DC Converter 
Products. 
__________ 
Applications 


Minimum 
Component, 
High Efficiency 
DC-DC Converters 


+5V to -5V, +12V to -12V or -15V Conversion 


Portable Instruments 


Rechargeable 
and Primary Battery Power 
Conversion 


Board Level Low Power DC to DC 
Conversion 


.NI.••Jx •.•••.• 
, 


MAX635 
MAX636 
MAX637 


• 
High Efficiency - 
85% Typical 


• 
Only 3 External Components 


• 
Fixed -5V, -12V, -15V Output Voltages 


• 
Adjustable Output with Two Resistors 


• 
Internal 525mA (peak) Power MOSFET 


• 
Low Operating Current - 
80llA Typical 


• 
Compact 8-Pln Mini-DIP 
and Small Outline 
Packages 


• 
Low Battery Detector 


PART' 
TEMP. RANGE 
PACKAGE 


MAX635XCPA 
O°C to +70°C 
8 Lead Plastic DI P 


MAX635XCSA 
O°C to +70°C 
8 Lead Small Outline 


MAX635XC/D 
O°C to +70°C 
Dice 


MAX635XEPA 
-40°C to +85°C 
8 Lead Plastic DIP 


MAX635XESA 
-40°C to +85°C 
8 Lead Small Outline 


MAX635XEJA 
-40°C to +85°C 
8 Lead CERDIP 


MAX635XMJA 
-55°C to +125°C 
8 Lead CERDIP 


MAX636XCPA 
O°C to +70°C 
8 Lead Plastic DIP 


MAX636XCSA 
O°C to +70°C 
8 Lead Small Outline 


MAX636XC/D 
O°C to +70°C 
Dice 


MAX636XEPA 
-40°C to +85°C 
8 Lead Plastic DIP 


MAX636XESA 
-40°C to +85°C 
8 Lead Small Outline 


MAX636XEJA 
-40°C to +85°C 
8 Lead CERDIP 


MAX636XMJA 
-55°C to +125°C 
8 Lead CERDIP 
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ABSOLUTE MAXIMUM RATINGS 


Supply Voltage. +Vs (Note 1) 
+18V 
Input Voltage. Pins 2. 3. 8 ........•. 
. .. 
-0.3V to (+Vs + 0.3V) 
Lx Output Current 
. . . . . . . . . . . • . . • . . . . . . . . . .. 
525mA Peak 
LBO Output Current 
...............•.................. 
50mA 
Operating 
Temperature Range 


MAX63XXC 
.. .. .. .. .. .. .• . 
.. .. 
O"C to +70"C 
MAX63XXE 
. ..........•..•...... 
-40"C to +85"C 
MAX63XXM 
.... 
-55"C to +125"C 


Storage Temperature. 
. . . 
. 
-65"C to +160"C 


Lead Temperature (Soldering 
10 see) 
+300"C 


Power Dissipation 
Plastic DIP (derate 8.33mW/"C above +50"C) 
. 


Small Outline (derate 6mW/"C above +50"C) 
....•. 


CERDIP (derate 8mW/"C above +50"C) 
. 


625mW 
450mW 
800mW 


Stresses above those fisted under "Absolute Maximum 
Ratings" may cause permanent 
damage to the device. These are stress ratings only, and functional 
operation 
of the device at these or any other conditions 
above those indicated in the operational 
sections of the specifications 
is not implied. Exposure to 
absolute maximum ratings conditions for extended periods may affect device reliability. 


ELECTRICAL CHARACTERISTICS 
(TA = +25°C 
unless 
otherwise 
indicated) 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN. 
TYP. 
MAX. 
UNITS 


Supply Voltage (Note 1) 
+Vs 
TA = +25"C 
2.3 
16.5 
V 
Over Temperature 
2.6 
165 


No Load. Lx off. 


Supply Current 
Is 
Over Temperature 
I'A 
+Vs = +5V 
80 
150 


+Vs = +15V 
260 
500 


Reference Voltage 
VAEF 
TA = +25"C 
1.24 
1.31 
1.38 
V 
Over Temperature 
1.20 
1.42 


No Load. VFB= VAEF• 
Over Temperature 


MAX635A} 
• 
-4.75 
-5.0 
-5.25 


MAX636A 
5 Yo Output 
-11.4 
-12.0 
-12.6 


VOUTVoltage (Note 2) 
MAX637A 
Accuracy 
-14.25 
-15.0 
-15.75 
V 


MAX635B} 
• 
-4.5 
-5.0 
-55 
MAX636B 
10 V. Output 
-10.8 
-12.0 
-13.2 
MAX637B 
Accuracy 
-135 
-15.0 
-165 


Efficiency 
85 
% 


Line Regulation 
(Note 2) 
+5V < +Vs < +15V 
0.5 
% VOUT 


Load Regulation 
(Note 2) 
POUT= OmW to 150mW 
0.2 
% VOUT 


Oscillator 
Frequency 
fa 
+Vs = +5V 
50 
kHz 
+Vs = +15V 
70 


Oscillator 
Duty Cycle 
50 
% 


Lx ON Resistance 
RON 
Ix = 100mA. +Vs = +5V 
9 
16 
n 
+Vs = +15V 
4 
8 


+Vs = +16.5V 
Lx Leakage Current 
IXL 
TA = +25"C 
0.01 
1.0 
I'A 
Over Temperature 
30 


VFBInput Bias Current 
IFB 
001 
10 
nA 


Low Battery Threshold 
VLB1 
1.31 
V 


Low Battery Input 
ILB1 
0.01 
10 
nA 
Bias Current 


V2 = +O.4V.V3 = +1.1V 
Low Battery Output Current 
ILBO 
TA = +25"C 
1.0 
mA 
Over Temperature 
0.5 


Low Battery Output 
ILBOL 
V2 = +16.5V.V3 = +1.4V 
0.01 
3.0 
I'A 
Leakage Current 


Fixed Output CMOS 


Inverting Switching Regulators 
_____________________________ 
Pin Description 


PIN 
NAME 
FUNCTION 


1 
-VOUT 
The sense INPUT for fixed output 
operation. Although it is connected to 
output of the DC-DC converter (Figure 
2), VOUT does not supply current. It is 
internally connected to the on-chip 
voltage divider. 


2 
LBO 
The Low Battery Detector Output is an 
open drain N-channel MOSFET which 
sinks current when the LBI (Pin 3) is 
below +1.31V 


3 
LBI 
Low Battery Detector Input. When the 
voltage at LBI is lower than the Low 
Battery Detector threshold (+1.31V), 
LBO (Pin 2) sinks current. 


4 
GND 
Ground. 


PIN 
NAME 
FUNCTION 


5 
Lx 
This pin drives the external inductor with 
an internal P-channel power MOSFET. 
Lx has an output resistance of typically 
611and a peak current rating of S2SmA. 


6 
+Vs 
The positive Supply Voltage, from +2V to 
+16.SVThe total difference 
between the negative output voltage and 
the positive input must be less than 24V 


7 
VAEF 
The Voltage Reference output is +1.31V, 
generated by an on-chip bandgap 
reference. 


8 
VFS 
When VFS is tied to VAEF, the DC-DC 
converter output will be the factory 
preset value. When an external voltage 
divider is connected from the -VOUT to 
VFS and VAEF, this pin becomes the 
feedback input for adjustable output 
operation. 


300 


TA '" +25°C 
250 
Rl"'l0 


200 


1 150 
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_______ 
Detailed 
Description 


Principle of Operation 


Figure 
1 shows 
a simplified 
buck-boost 
voltage 


inverter, 
sometimes 
called 
an inverting 
or flyback 


converter. 
When the switch is closed a charging 
cur- 
rent flows through 
the inductor, 
creating 
a magnetic 


field. When the switch 
opens, the current 
continues 


to flow through 
the inductor 
in the same direction 
as 


the charging 
current. 
Since the switch 
is now open, 
the current 
must 
flow 
through 
the 
diode, 
thereby 


charging the 
capacitor 
with a negative voltage. The 


~urrent 
linearly 
decays 
to zero 
and the 
magnetic 
field collapses as the energy stored in the inductor 
is 


transferred 
to the output filter capacitor. 


The 
MAX635/36/37 
controls 
the magnitude 
of the 
negative output voltage by turning 
the switch on and 
off only when the output voltage has fallen below the 
desired value. 


Basic Circuit Operation 


Figure 2 shows the standard circuit 
for converting 
a 


positive 
input voltage 
into a negative voltage. When 


the voltage at VOUT is higher than the desired 
level, 
the MOSFET at Lx (Pin 5) turns on during 
the next 


low-going 
period of the oscillator. Lx delivers current 


to the external 
inductor, 
storing 
energy 
in its mag- 


netic field. When the oscillator 
output goes high, the 


MOSFET turns off, but current 
continues 
to flow in 


the inductor 
and diode 
01, negatively 
charging 
the 
output 
filter 
capacitor, 
C1. This cycle 
repeats until 


the output voltage reaches the desired negative value. 
The NOR gate latch prevents high frequency 
oscilla- 


tions by not allowing 
Lx to switch repeatedly during 


an oscillator 
cycle. 


n· 
.- 
- 
7' 


- 


! l 


C 
VOUT 
. 


Low Battery Detector 


The Low Battery Output, 
LBO (Pin 2), sinks current 


whenever the input voltage at Low Battery Input, LBI 
(Pin 3), IS less than +1.31V. LBI is a high impedance 
CMOS 
input, 
with 
less than 10nA leakage current. 


LBO 
is an 
open 
drain 
N-channel 
MOSFET 
with 


about 500!1 of output 
resistance. The operating 
volt- 


ag~ of the 
Low 
Battery 
Detector 
can be adjusted 


uSing an external voltage divider as shown in Figure 
2. If hysteresis 
is desired, 
add a resistor 
between 


pins 1 and 2. 


Let R2 be any 
resistance 
in the 10k!1 to 10M!1 


range, typically 
100k!1. 


VLB 
R1 = R2 (1.31V - 1) 
(VLB is the desired Low 
Battery detection 
voltage) 


lOO.F 


-VOUT 
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01 
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Fixed or Adjustable Output 


For operation 
at one of the preset output 
voltages 


(-5V for the MAX635, -12V for MAX636, and -15V for 
MAX637). 
VFB is connected 
to 
VREF· No 
external 


resistors are required. 


For adjustable 
operation, 
other output 
voltages are 


selected by connecting 
an external voltage divider to 


VFBas shown in Figure 3. The output is set by R3 and 
R4 as follows: 


Let R4 be any 
resistance 
in the 
10kfl 
to 
10Mfl 
range, typically 
100kfl. 


R3 
VOUT= -1.31V x R4 


______ 
External Components 


Inductor Selection 


The available output current from an inverting DC-DC 
voltage converter 
is a function 
of the input voltage, 
external inductor 
value, output voltage and the oper- 


ating frequency. For most MAX635/36/37 applications 
the 
inductor 
is the 
only 
design 
variable 
since the 


operating 
frequency 
is fixed, and the input and out- 
put voltages 
are set by the application. 
The proper 


inductor 
must 1) have the correct 
inductance. 
2) be 


able to handle 
the required 
peak currents, 
and 3) 


have acceptable series resistance and core losses. 


When Lx's P-channel output device turns on, the coil 
current linearly rises since: 


~ 
= VIN 
where L is inductance 
of the coil. 


dt 
L 


At the end 
of the 
on-time, 
tON, the 
peak current, 
Ipk, is: 


V1NtON 
Ipk = --- 


L 


1 
where: tON = 2fo 


The energy in the coil is: 


L Ipk2 


EL=-2- 


At maximum 
load this cycle is repeated fa (typically 


50kHz) times per second, and the power transferred 
through 
the coil is PL = fox 
EL. The output 
current, 


ignoring 
losses: 


PL 
V1N2 


lOUT = -- 
= ---- 
VOUT 
8FoVouTL 


If the load draws less than the maximum 
current, 
Lx 
turns on only often enough to keep the output 
volt- 


age at the desired level. 


If the selected 
inductor 
has too 
high 
a value, the 


MAX635/36/37 
will not be able to deliver the desired 


·SVlliI 
~ 


ID.F 


~ 
6 
.~ 
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8 
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W 
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output 
power, even with the Lx output 
turned on for 


every oscillator 
cycle. 
The available 
output 
power 


can be increased 
by either raising the input voltage 


or lowering 
the inductance 
value. This 
causes the 


current to rise at a faster rate, and results in a higher 
peak current 
at the end of each cycle. The available 


output 
power increases since it is proportional 
to the 


square of the peak inductor 
current. 
The maximum 


inductance 
therefore 
is: 


VIN2 
LMAX=-- 
8fo PL 


L Ipk2 fa 
since: PL = --2- 


VIN 


and: Ipk = 2fo L 


If the coil's inductance 
is too low, the current 
at Lx 
__ 
may rise above the maximum 
rating. The minimum 
• 
allowed inductor value is expressed by: 


Table 1 lists some 
coil 
manufacturers 
and typical 


part 
numbers. 
Table 
2 shows 
nominal 
inductor 


parameters for a variety of input and output voltages 
using the basic circuit 
of figure 2. In low power cir- 


cuits 
where 
efficiency 
is not 
critical, 
a low 
cost 


molded inductor 
will suffice. For high power circuits, 


or when 
high 
efficiency 
is required, 
pot 
cores 
or 


toroids 
should 
be used. Refer to the MAX630 data 


sheet 
for 
additional 
information 
on 
types 
of 


inductors. 
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MANUFACTURER 
TYPICAL 
DESCRIPTION 
PART # 


MOLDED INDUCTORS 


Dale 
IHA-104 
500I'H, 0.5 ohms 


Caddell-Burns 
7070-29 
220I'H, 0.55 ohms 


Gowanda 
1B253 
250I'H, 0.44 ohms 


TAW 
LL-500 
5001'H, 0.75 ohms 


POTTED TOROIDAL INDUCTORS 


Dale 
TE-3Q4TA 
1mH, 0.82 ohms 


TAW 
MH-1 
600I'H, 1.9 ohms 


Gowanda 
050AT1003 
100I'H. 0.05 ohms 


FERRITE CORES AND TOROIDS (Note 2) 


Allen Bradley 
T0451S100A 
Tor. Core, 
500nHIT2 


Siemens 
B64290-K38-X38 
Tor. Core, 41'HIT2 


Magnetics 
555130 
Tor. Core, 
53nHIT2 


Stackpole 
57-3215 
Pot Core, 
14mm x8mm 


Magnetics 
G-41408-25 
Pot Core, 
14 x 8, 250nH/T2 


Note 1: 
This list does not constitute an endorsement by Maxim 
Integrated 
Products 
and 
is not 
intended 
to 
be a 


comprehensive 
list 
of 
all 
manufacturers 
of 
these 
components. 


Note 2: 
Permag Corp. is a distributor 
for many of the listed 


core and toroid manufacturers. (516) 822-3311 


Table 2. Inductor Selection 
for Common Designs 


VON 
VOUT 
lOUT 
Elf. 
INDUCTOR 
(V) 
(V) 
(mA) 
('!o) 
P.N. (Note 1) 
I'H 
n 


+3 
-5 
5 
60 
6860-19 
330 
0.35 


+5 
-5 
25 
76 
6860-19 
330 
0.35 


+9 
-5 
40 
79 
6860-19 
330 
0.35 


+12 
-5 
45 
85 
6860-21 
470 
0.40 


+15 
-5 
50 
90 
6860-23 
680 
0.55 


+5 
-12 
12 
74 
6860-19 
330 
0.35 
+9 
-12 
30 
84 
6860-19 
330 
0.35 
+12 
-12 
40 
89 
6860-21 
470 
0.40 


+3 
-15 
2 
65 
6860-21 
470 
0.40 


+5 
-15 
8 
77 
6860-19 
330 
0.35 


+9 
-15 
25 
85 
6860-19 
330 
0.35 


External Diode 


In most DC-DC converter 
circuits 
the current 
in the 
"catch" 
diode 
abruptly 
goes from 
zero to its peak 


value each time Lx switches 
off (Figure 2, D1). To 


avoid excessive 
losses the diode 
must have a fast 


turn-on 
time. For low power circuits 
with peak cur- 


rents less than 100mA, signal diodes such as 1N4148s 
perform well. For higher current circuits, 
or for max- 


imum efficiency 
at low power, the 1N5817 series of 


Schottky diodes are recommended. Although 1N4001s 
and other 
general 
purpose 
rectifiers 
are rated for 


high currents, 
they are unacceptable 
because their 


slow turn-on time results in excessive losses. 


Output Filter Capacitor 


The MAX635/36/37's 
output 
ripple has two compo- 


nents which 
are 90° out of phase. One component 


results from the change in the stored charge on the 
filter capacitor 
with each Lx pulse. The other is the 


product 
of the capacitor's 
charge-discharge 
current 


and its ESR (equivalent 
series resistance). With low 


cost aluminum 
electrolytic 
capacitors, 
the ESR pro- 


duced ripple is often larger than that caused by the 
change in charge. Consequently, 
high quality alumi- 


num or tantalum filter capacitors will minimize output 
ripple, even if smaller capacitance 
values are used. 


Best results at reasonable cost are typically 
achieved 


with a high quality aluminum 
electrolytic, 
in the 100 


to 
500ilF 
range, 
in parallel 
with 
a 0.1IlF 
ceramic 


capacitor. 
See the 
MAX630 
data 
sheet 
for 
more 
information 
on output filter capacitors. 


________ 
Application 
Hints 


Inductor Saturation 


When using off-the-shelf 
inductors, 
make sure that 


their peak current rating is observed. When designing 
your own inductors, observe the core manufacturer's 
Ampere-turns 
or NI ratings. 
Failure to observe the 


peak current 
or NI ratings may lead to saturation 
of 


the 
inductor, 
especially 
in 
circuits 
with 
external 


boosting transistors. Inductor saturation leads to very 
high current 
levels through 
the power switching 
de- 


vice 
causing 
excessive 
power 
dissipation, 
poor 


efficiency, 
and possible damage. 


Test for saturation 
by applying 
the maximum 
load 


and the maximum input voltage while monitoring 
the 


inductor 
current 
with a current 
probe. The normal 


inductor current waveform is a sawtooth with a linear 
current ramp. Saturation 
creates a nonlinear 
current 


waveform 
with a very rapid increase in current once 


the inductor 
saturates. 


Fixed Output CMOS 
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Bypassing and Compensation 


The 
high 
current 
pulses 
in the 
Lx output 
and the 


external 
inductor 
can cause erratic operation 
unless 
the MAX635/36/37 
is properly 
bypassed. 
Connect 
a 


1Oj.LFbypass 
capacitor 
directly 
across 
the 
device 


between +Vs (Pin 6) and Ground 
(Pin 4) to minimize 


the 
inductance 
and 
high 
frequency 
impedance 
of 


the power source. Also make sure that the high cur- 
rent 
ground 
return 
path 
of the 
inductor 
does 
not 


cause a voltage drop in the regulator's 
ground 
line. 


The 
reference 
voltage 
output, 
VREF 
(Pin 7). should 
be bypassed 
to ground 
with 
O.1j.LF,again 
avoiding 


coupling 
to the high current 
path that includes 
the 
Lx output, the inductor, and its ground 
return. 


When large values (>50k!l) 
are used for the voltage 


setting resistors (R3 and R4 of Figure 3) in the adjust- 
able output 
mode, stray capacitance 
at the VFB input 


can add a "lag" to the feedback 
response, destabiliz- 
ing the regulator 
and causing output pulses to occur 


in bursts. 
This 
increases 
low frequency 
ripple 
and 


lowers efficiency. 
This problem 
can often be avoided 


by minimizing 
lead lengths 
and circuit 
board trace 


size at the VFB node. Normal 
operation 
with evenly 


distributed 
output 
pulses can 
be restored by adding 


a "lead" 
compensation 
capacitor 
(100pF to 10nF) in 


parallel with R3. 
_______ 
Typical Applications 


Basic Inverting DC·DC Converters 


Figure 2 shows the basic voltage inverting 
circuit 
for 


the 
MAX635, 
MAX636, 
and 
MAX637. The circuit 
is 


the same for Table 2 which 
shows 
inductor 
values 
for typical 
input and output voltages. Note that there 


is no 
restriction 
on 
the 
relationship 
between 
the 


input and output 
voltage as is the case with step-up 


and step-down 
DC-DC converters. +Vs can be greater 


or less than I-VOUTI. 


0.070" 
(1.78mm)L 


I 


+Vs 


-.~----- 
(2~:~~) 


Low Power Shutdown 


A low power shutdown 
mode can easily 
be imple- 


mented with the MAX635/36/37 
as shown in Figure 4. 


Since 
the Ground 
pin current 
is only 500j.LA max., 


Ground 
can be driven 
directly 
by a CMOS 
gate or 


N-channel 
FET. Ground 
is driven 
low 
for 
normal 


operation, 
and driven 
high 
or allowed 
to float 
for 


shutdown 
mode. When shut down, the inverter draws 


only the leakage current of the Lx output. 


Note that any voltage 
drop 
across the CMOS 
gate 


adds to the MAX635/36/3Ts 
reference and therefore 


slightly 
increases the regulated 
output voltage. Also, 


the Ground 
pin (Pin 4) should 
be bypassed 
to true 


circuit 
ground with 10j.LFto minimize 
noise. 


See the MAX634/MAX4391 
data sheet for other appli- 


cations of inverting 
DC-DC converters. 
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DEVICE 
DESCRIPTION 
INPUT VOLTAGE 
OUTPUT 
VOLTAGE 
COMMENTS 


ICL7660 
Charge Pump Voltage Inverler 
1.5V 10 10V 
-V'N 
Not regulated 


MAX4193 
DC-DC Boost Converter 
2.4V to 16.5V 
Vour> 
V'N 
RC4193 2nd source 


MAX630 
DC-DC Boost Converter 
2.0V to 16.5V 
Vour> 
V'N 
Improved RC41912nd source 


MAX631 
DC-DC Boost Converler 
1.5V to 5.6V 
+5V 
Only 2 external components 


MAX632 
DC-DC Boost Converter 
1.5V to 12.6V 
+12V 
Only 2 external components 


MAX633 
DC-DC Boost Converter 
1.5V to 15.6V 
+15V 
Only 2 external components 


MAX4391 
DC-DC Voltage Inverter 
4V to 16.5V 
up to -20V 
RC4391 2nd source 


MAX634 
DC-DC Voltage Inverter 
2.3V to 16.5V 
up to -20V 
Improved RC4391 2nd source 


MAX635 
DC-DC Voltage Inverter 
2.3V to 16.5V 
-5V 
Only 3 external components 


MAX636 
DC-DC Voltage Inverter 
2.3V to 16.5V 
-12V 
Only 3 external components 


MAX637 
DC-DC Voltage Inverler 
2.3V to 16.5V 
-15V 
Only 3 external components 


MAX638 
DC-DC Voltage Stepdown 
3V to 16.5V 
Your < V'N 
Only 3 external components 


MAX641 
High Power Boost Converter 
1.5V to 5.6V 
+5V 
Drives external MOSFET 


MAX642 
High Power Boost Converter 
1.5V to 12.6V 
+12V 
Drives external MOSFET 


MAX643 
High Power Boost Converter 
1.5V to 15.6V 
+15V 
Drives external MOSFET 


PART" 
TEMP. RANGE 
PACKAGE 


MAX637XCPA 
O°C to +70°C 
8 Lead Plastic DIP 


MAX637XCSA 
O°Cto +70°C 
8 Lead Small Outline 


MAX637XCJA 
O°Cto +70°C 
8 Lead CERDIP 


MAX637XC/D 
O°Cto +70°C 
8 Lead Dice 


MAX637XEPA 
-40°C to +85°C 
8 Lead Plastic DIP 


MAX637XESA 
-40°C to +85°C 
8 Lead Small Outline 


MAX637XEJA 
-40°C to +85°C 
8 Lead CERDIP 


MAX637XMJA 
-55°C to +125°C 
8 Lead CERDIP 


_______ 
General Description 


Maxim's 
MAX638 
step-down 
switching 
regulator 
is designed 
for efficient, 
low power, minimum 
com- 
ponent 
count 
DC-DC 
converter 
circuits. 
It provides 
an alternative 
to conventional 
linear voltage regula- 
tors 
when 
efficiency 
and 
power 
consumption 
are 
most 
important. 
All 
control 
and 
power 
switching 
functions 
are contained 
in a compact 8-pin package: 


a bandgap 
reference, 
oscillator, 
feedback 
voltage 
comparator, 
and a 375mA 
(peak) 
P-channel 
power 
MOSFET. A small, 
low 
cost 
inductor, 
output 
filter 
capacitor, 
and 
catch 
diode 
are the 
only 
external 
components 
required. Convenient 
low battery detec- 
tion circuitry 
is also included. 


The MAX638 is most simply used as a fixed +5V out- 
put regulator 
but can be set for other 
voltages 
by 
adding an external 
voltage divider. Maxim's proprie- 
tary 
Dual 
Mode'· 
circuitry 
allows 
both 
fixed 
and 
adjustable 
output 
operation 
from 
one device. Also, 
with a simple external buffering circuit, the input volt- 
age can be increased to the breakdown 
voltage of an 
external power MOSFET. 


Maxim also manufactures 
a broad line of step-up and 
inverting 
DC-DC 
converters. 
Included 
are positive 
and negative output 
switching 
regulators 
with addi- 
tional features such as logic level shutdown, 
adjust- 
able oscillator, 
and charge-pump 
output. 
See Table 
2 on the last page of this data sheet for a summary 
of other DC-DC Converter 
Products. 


__________ 
Applications 


Efficient 
DC-DC Step-Down 
Regulation 


Linear Voltage Regulator Replacement 


+12V to +5V Conversion 


Battery Life Extension 


Portable Instruments 


~~I~JXI~~I 
Fixed +5V CMOS Step-Down 
Switching Regulator 


• 
Fixed +5V Output 


• 
Adjustable Output with Two Resistors 


• 
Internal 525mA (peak) Power MOSFET 


• 
Low Operating Current 


• 
High Efficiency - 
85% Typical 


• 
Compact 8-Pln Mini-DIP 
and Small Outline 
Packages 


• 
Only 3 External Components 


• 
Low Battery Detector 


PART" 
TEMP. RANGE 
PACKAGE 


MAX638XCPA 
DOCto +7Doc 
8 Lead Plastic DIP 


MAX638XCSA 
DOCto +7DoC 
8 Lead Small Outline 


MAX638XC/D 
DOCto +7DoC 
Dice 


MAX638XEPA 
-4DoC to +85°C 
8 Lead Plastic DIP 


MAX638XESA 
-4DoC to +85°C 
8 Lead Small Outline 


MAX638XEJA 
-4DoC to +85°C 
8 Lead CERDIP 


MAX638XXMJA 
-55°C to +125°C 
8 Lead CERDIP 


.JI"&-'I.JI"JXI..Jl"&-'I 
Maxlm Integrated 
P,oduct. 
6-57 


Dual Mode is a trademark of Maxim Integrated Products. 
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ABSOLUTE MAXIMUM RATINGS 


Supply Voltage. +Vs 
+18V 
Output Voltage. Lx and LBO 
.....•..•................... 
+18V 
Input Voltage. Pins 2. 3. 7.8 
.........•.... 
-0.3V to (+Vs + 0.3V) 


Lx Output Current 
..............•..•.......... 
525mA Peak 
LBO Output Current 
...............•.................. 
SOmA 
Operating 
Temperature 
MAX638C 
.......................•........... 
O°C to +70°C 
MAX638E 
. ......•..•......•...... 
-40°C to +85°C 
MAX638M 
-55°C to +125°C 


Storage Temperature 
..................•..... 
-65°C to +160°C 


Lead Temperature (Soldering 
10 see) 
+300°C 


Power Dissipation 


Plastic DIP (derate 8.33mW/oC above +50°C) 
625mW 
Small Outline (derate 6mW/oC above +50°C) 
450mW 
CERDIP (derate 8mW/oC above +50°C) 
800mW 


Stresses above those listed under "Absolute 
Maximum 
Ratings" may cause permanent 
damage to the device. 
TheSB 
arB stress ratings only, and functional 


operation of the device at these or any other conditions 
above those indicated in the operational sections of the specifications 
is not implied. Exposure to 


absolute maximum 
ratings conditions 
for extended periods may affect device reliability. 


ELECTRICAL CHARACTERISTICS 
(+Vs = +12V. TA = +25°C 
unless 
otherwise 
indicated) 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN. 
TYP. 
MAX. 
UNITS 


Over Temperature 
Supply Voltage 
+Vs 
VOUT= +5V 
5 
16.5 
V 
Adjustable 
mode 
2.2 
16.5 


Supply Current 
Is 
TA = +25°C 
135 
I-'A 
Over Temperature 
180 
600 


Reference Voltage (Internal) 
TA = +25°C 
1.28 
1.31 
1.34 
V 
Over Temperature 
1.24 
1.38 


VOUTVoltage (Note 1) 
No Load, VFB= GND. 
638A 
4.75 
5.0 
5.25 
V 
Over Temperature 
638B 
4.5 
5.0 
5.5 


Efficiency 
85 
% 


Line Regulation 
(Note 1) 
+10V < +Vs < +15V 
0.2 
% VOUT 


Load Regulation 
(Note 1) 
POUT= OmW to 150mW 
0.2 
% VOUT 


Oscillator 
Frequency 
fo 
65 
kHz 


Oscillator 
Duty Cycle 
50 
% 


Lx ON Resistance 
RON 
Ix = 100mA 
6 
12 
n 


Vs = OV 


Lx Leakage Current 
IXL 
TA = +25°C 
0.01 
1,.0 
I-'A 
Over Temperature 
30 


VFBInput Bias Current 
IFB 
0.01 
10 
nA 


Low Battery Input Threshold 
VLB1 
131 
V 


Low Battery Input 
ILB1 
0.01 
10 
nA 
Bias Current 


V2 = +O.4V.V3 = +1.1V 
Low Battery Output Current 
ILBO 
TA = +25°C 
1.0 
mA 
Over Temperature 
0.5 


Low Battery Output 
ILBOL 
V2 = +16.5V.V3 = +1.4V 
0.01 
3.0 
I-'A 
Leakage Current 


Fixed +5V CMOS Step-Down 
Switching Regulator 
________________________ 
Pin Description 


PIN 
NAME 
FUNCTION 


1 
VOUT 
The sense INPUT for fixed +5V output 
operation. Though it is connected to the 
output of the DC-DC converter (Figure 
2), the VOUT pin does not supply current. 
It is internally connected to the on-chip 
voltage divider. 


2 
LBO 
The Low Battery Detector Output is an 
open drain N-channel MOSFET which 
sinks current when the LBI (Pin 1) is 
below +1.31V. 


3 
LBI 
Low Battery Detector Input. When the 
voltage at LBI is lower than the Low 
Battery Detector threshold (+1.31V), 
LBO (Pin 2) sinks current. 


4 
GND 
Ground 


PIN 
NAME 
FUNCTION 


5 
Lx 
This pin drives the external inductor with 
an internal P-channel power MOSFET. 
Lx has an output resistance of typically 
6n and a peak current rating of 525mA. 


6 
Vs 
The input voltage, from VOUT to +16.5V. 


7 
VFB 
When VFB is grounded, the DC-DC 
converter output will be +5V. When an 
external voltage divider is connected 
from the VOUT to VFB and GROUND, this 
pin becomes the feedback input for 
adjustable output operation. 


8 
COMP 
The Compensation 
input is connected 
to the internal voltage divider which sets 
the fixed voltage output. It is normally 
left unconnected. 
In some circuit board 
layouts, a lead compensation 
capacitor 
(1OOpFto 10nF) connected between 
VOUT and COMP reduces low frequency 
ripple and improves transient response. 
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Fixed +5V CMOS Step-Down 
Switching Regulator 
_______ 
Detailed Description 


Basic Operation 


Figure 
1 shows 
a simplified 
step-down 
DC-DC 
con- 
verter. 
When the switch 
is closed 
a charging 
current 
flows through 
the inductor, 
creating 
a magnetic 
field. 


This same current 
flows 
into the filter 
capacitor 
and 


load 
as well. 
When 
the 
switch 
opens, 
the 
current 
continues 
to flow 
through 
the inductor 
in the same 
direction 
as the charging 
current, 
but since the switch 
is 
now 
open, 
the 
current 
must 
flow 
through 
the 
diode. 
When 
the switch 
is open, 
the inductor 
alone 
supplies 
current 
to 
the 
load. 
This 
current 
linearly 
decays 
to zero 
as the 
magnetic 
field 
collapses 
and 
the stored energy 
is transferred 
to the filter capacitor 
and load. 


Figure 
2 shows 
a block 
diagram 
of the MAX638 
and 
a typical 
connection 
in which 
a +9V input 
is con- 
verted to a +5V output 
with 85% efficiency. 
When the 
output 
drops 
below 
+5V, 
the 
Error 
Comparator 
switches 
high and connects 
the internal 
65kHz oscil- 
lator to the gate of the Lx output 
driver. 
Lx turns 
on 
and 
off 
at the 
clock 
frequency, 
charging 
and 
dis- 
charging 
the inductor 
and supplying 
current 
to the 
output 
as described 
above. When the output 
voltage 


reaches +5V, the comparator 
output 
goes low and the 


inductor 
is no longer 
pulsed. 


Output Driver (Lx Pin} 


A large P-channel 
MOSFET 
with an on-resistance 
of 


approximately 
60 
is used to charge 
the inductor. 
It 


is internally 
connected 
between 
+Vs and Lx and has 


a peak current 
rating 
of 375mA. The available 
output 


current 
for most applications 
will 
be somewhat 
less 


than the peak current 
rating. 
A good 
rule of thumb 


for MAX638 maximum 
output 
current 
is: 


4 lOUT< 525mA, 
assuming 
V1N= 2 VOUT 


Fixed or Adjustable Output 


For 
operation 
at 
the 
preset 
+5V 
output 
voltage, 


VFB is 
connected 
to 
GROUND 
and 
no 
external 


resistors 
are required. 
For adjustable 
operation, 
other 


output 
voltages 
are selected 
by connecting 
an ex- 


ternal 
voltage 
divider 
to VFB as shown 
in Figure 
3. 


The output 
is set by R3 and R4 as follows: 


Let R4 be any resistance in the 10kO to 10MO range, 
typically 
100kO. 


VOUT 
R3 = R4 (1.31V -1) 


Low Battery Detector 


The 
Low 
Battery 
Detector 
compares 
the voltage 
on 


the Low 
Battery 
Input 
(LBI, 
Pin 1) with 
the internal 


+1.31V bandgap 
reference. 
The Low Battery 
Detector 


Output 
(LBO, 
Pin 2) goes 
low whenever 
the 
input 


voltage 
at LBI is less than 
+1.31V. The 
Low 
Battery 


detection 
voltage 
is 
set 
by 
resistors 
R1 
and 
R2 


(Figure 
1). 


Let 
R2 be any 
resistance 
in the 
10kO 
to 
10MO 


range, typically 
100kO. 


VLB 
R1 = R2 (1.31V -1) 
(VLB is the desired 
Low 


Battery 
defection 
voltage) 


+VIN 


+YS 
L, 
5 


VOUT 
I 
N.C. 
.MAXINI 


MAX638 
+SV 


COMP 
N.C. 
511110 
VOUT 


R3 
+110 


01I~F 
GNO 
Yf8 
~F 


R4 
IIno 


-= 


______ 
External 
Components 
Inductor Selection 


The available 
output 
current 
from 
a DC-DC 
voltage 
step-down 
converter 
is a function 
of the input 
volt- 
age, external 
inductor 
value, output 
voltage 
and the 
operating 
frequency. 
For most 
MAX638 
applications 
the 
inductor 
is the 
only 
design 
variable 
since 
the 
operating 
frequency 
is fixed, 
and the input 
and out- 
put voltages 
are set by the application. 
The 
proper 
inductor 
must 
1) have the correct 
inductance, 
2) be 
able 
to 
handle 
the 
required 
peak 
currents, 
and 
3) 
have acceptable 
series resistance 
and core losses. 


When 
the 
MAX638's 
P-channel 
output 
device 
turns 
on, the coil current 
linearly 
rises since: 


di 
VIN 
dt - 
L 


At the 
end 
of the 
on-time 
(tON), the 
peak 
current 


(Ipk), is: 


(VIN - VOUT) tON 
Ipk = 
L 


The energy 
in the coil is: 


1 
where: tON = 2fo 


L Ipk2 
EL=-2- 


At maximum 
load, this cycle 
is repeated 
fo (typically 
65kHz) 
times 
per second, 
and the power transferred 


Fixed +5V CMOS Step-Down 
Switching Regulator 


through 
the coil 
is PL = fo 
x EL. The 
coil 
supplies 
power to the load during 
each half cycle. 
During 
the 
other 
half 
cycle, 
VIN supplies 
current, 
while 
also 
charging 
the coil. Therefore: 


PL 
Ipk 
IOUT=--+- 
VOUT 
4 


where 
Ipk/4 
is the 
average 
current 
supplied 
to the 
load while 
the coil is charging. 
If the load draws 
less 
than 
the 
maximum 
current, 
Lx turns 
on only 
often 
enough 
to 
keep 
the 
output 
voltage 
at the 
desired 
level. 


If the 
selected 
inductor 
has too 
high 
a value, 
the 
MAX638 will not be able to deliver the desired 
output 
power, 
even with 
the Lx output 
turned 
on for every 
oscillator 
cycle. 
The available 
output 
power 
can be 
increased 
by either raising the input voltage 
or lower- 


ing the inductance. 
This causes the current 
to rise at 
a faster 
rate, and results 
in a higher 
peak current 
at 
the end 
of each 
cycle. 
The 
available 
output 
power 


increases 
since it is proportional 
to the square 
of the 
peak inductor 
current. 
The maximum 
inductor 
value 
therefore 
is: 


where 
PL is the power 
supplied 
by the coil. The total 
output 
power 
(POUT) is partly supplied 
by VIN as well 
as the coil, but also includes 
the power 
dissipated 
in 


the forward 
drop of the catch diode 
(V,): 


Ipk 
POUT = PL + (VIN - VOUT)4 


PLVF 
= IOUTVOUT+(-V-O-U-T-+-V-F) 


where 
Ipk/4 approximates 
the average 
charging 
cur- 


rent of the inductor 
as a function 
of its peak value. 


If the coil's inductance 
is too low, the peak current 
at 
Lx will 
exceed 
the maximum 
rating 
of the MAX638. 


The 
minimum 
allowed 
inductor 
value 
is determined 
by: 


VIN - VOUT 
LMIN = 2fo'MAX 
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MANUFACTURER 
TYPICAL 
DESCRIPTION 
PART # 


MOLDED INDUCTORS 


Dale 
IHA-104 
500/LH,0.5 ohms 


Caddell-Burns 
7070-29 
220/LH,0.55 ohms 


Gowanda 
1B253 
250/LH,0.44 ohms 


UTC 
LL-500 
500/LH,0.75 ohms 


POTTED TOROIDAL INDUCTORS 


Dale 
TE-3Q4TA 
1mH, 0.82 ohms 


UTC 
MH-1 
600/LH, 1.9 ohms 


Gowanda 
050AT1003 
100/LH,0.05 ohms 


FERRITE CORES AND TOROIDS (Note 2) 


Allen Bradley 
T0451S100A 
Tor. Core, 
500nH/T2 


Siemens 
B64290-K38-X38 
Tor. Core, 4/LH/F 


Magnetics 
555130 
Tor. Core, 
53nHIT2 


Stackpole 
57-3215 
Pot Core, 
14mm x 8mm 


Magnetics 
G-41408-25 
Pot Core, 
14 x 8, 250nH/F 


Note 1: 
This list does not constitute an endorsement by Maxim 
Integrated 
Products 
and 
is not 
intended 
to 
be a 
comprehensive 
list 
of all 
manufacturers 
of 
these 
components. 
Note 2: 
Permag Corp. is a distributor 
for many of the listed 
core and toroid 
manufacturers. 
(516) 822-3311. 


Reducing 
the inductor 
value 
increases 
the available 
output 
current: 
lower 
L increases 
the available 
out- 
put 
power, 
The 
external 
inductor 
required 
by the 
MAX638 
is readily 
obtained 
from 
a variety 
of suppli- 
ers 
(see Table 
1), Standard 
coils 
are 
suitable 
for 
most 
applications, 
however 
toroids 
and 
pot 
cores 
will 
often 
provide 
improved 
performance 
at 
high 
power levels or where maximum 
efficiency 
is needed, 
See the MAX630 
data sheet 
for additional 
informa- 
tion on different 
types of inductors, 


Output Filter Capacitor 


The 
MAX638's 
output 
ripple 
has two 
components 


which 
are 900 out of phase. One component 
results 


from 
the 
change 
in the stored 
charge 
on the filter 


capacitor 
with each Lx pulse. The other 
is the prod- 


uct of the capacitor's 
charge-discharge 
current 
and 


its ESR (equivalent 
series resistance), 
With 
low cost 


aluminum 
electrolytic 
capacitors, 
the ESR produced 


ripple 
is often 
larger than that caused 
by the change 


in charge. 
Consequently, 
high 
quality 
aluminum 
or 


tantalum 
filter capacitors 
will minimize 
output 
ripple, 


even 
if smaller 
capacitance 
values 
are 
used, 
Best 


results at reasonable 
cost are typically 
achieved 
with 


a high quality 
aluminum 
electrolytic, 
in the 100J.LFto 


500J.LFrange, in parallel 
with a 0.1J.LFceramic 
capaci- 


tor. See the MAX630 data sheet for more information 
on output 
filter capacitors, 


External Diode 


In most 
MAX638 
circuits 
the current 
in the external 


diode abruptly 
goes from zero to its peak value each 


time 
Lx switches 
off (figure 
2, D1), To avoid 
exces- 


sive losses the diode 
must have a fast turn-on 
time, 


For low power 
circuits 
with 
peak currents 
less than 


100mA, signal 
diodes 
such as 1N4148s perform 
well, 


For 
higher 
current 
circuits, 
or 
for 
maximum 
effi- 


ciency 
at low power, 
the 1N5817 series 
of Schottky 


diodes 
are 
recommended. 
Although 
1N4001 sand 


other 
general 
purpose 
rectifiers 
are 
rated 
for 
high 


currents, 
they 
are unacceptable 
because 
their 
slow 


turn-on 
time results in excessive 
losses. 


________ 
Application 
Hints 


Inductor Saturation 


When 
using 
off-the-shelf 
inductors, 
make sure that 


their peak current 
rating is observed, 
When designing 


your own inductors, 
observe the core manufacturer's 


Ampere-turns 
or NI ratings. 
Failure 
to observe 
the 


peak current 
or NI ratings 
may lead to saturation 
of 


the 
inductor, 
especially 
in 
circuits 
with 
external 


boost 
transistors, 
Inductor 
saturation 
leads to very 


high 
current 
levels 
through 
the 
power 
switching 


device 
causing 
excessive 
power 
dissipation, 
poor 


efficiency, 
and possible 
damage, 


Test for saturation 
by applying 
the maximum 
load 
and the maximum input voltage while monitoring 
the 
inductor 
current 
with a current 
probe. The normal 
inductor current waveform is a sawtooth with a linear 
current 
ramp. Saturation 
creates a nonlinear 
current 
waveform 
with a very rapid increase in current once 
the inductor 
saturates. 
Bypassing and Compensation 


Since the inductor 
charge 
and discharge 
currents 
can be relatively 
large, high currents 
may flow 
in 
ground 
connections 
near the MAX638. To prevent 
unwanted 
feedback, 
the impedance 
of the ground 
path must be as low as possible, and power supply 
bypassing 
should 
be used. A 10!'F aluminum 
elec- 
trolytic 
placed at the device pins is recommended. 


When large values (>50kO) are used for the voltage 
setting 
resistors 
(adjustable 
output 
mode), R3 and 
R4 of Figure 3, stray capacitance 
at the VFB input 
can add a "lag" to the feedback response, destabiliz- 
ing the regulator, 
increasing 
low frequency 
ripple, 
and lowering 
efficiency. 
This problem 
can often be 
avoided by minimizing 
lead lengths and circuit board 
trace size at the VFB node. It can also be remedied 
by adding 
a "lead" 
compensation 
capacitor 
(100pF 
to 10nF) in parallel with R3. 
_______ 
Typical Applications 


Basic Step-Down Circuits 


Figure 2 shows the basic voltage inverting circuit for 
the MAX638. The output also can be adjusted to vol- 
tages 
other 
than 
+5V by adding 
two 
resistors 
as 
shown in Figure 3. 


Fixed +5V CMOS Step-Down 
Switching Regulator 


Low Power Shutdown 


A low power shutdown 
mode can easily be imple- 
mented with the MAX638 as shown in Figure 4. Since 
the Ground pin current is only 600!'A, Ground can be 
driven directly 
by a CMOS gate or N-channel 
FET. 
Ground is driven low for normal operation, and driven 
high or allowed 
to float for shutdown 
mode. When 
shut down, the MAX638 draws only the leakage cur- 
rent of the Lx output. 


Note that any voltage 
drop across the CMOS gate 
adds to the MAX638's reference and therefore slightly 
increases 
the 
regulated 
output 
voltage. 
Also, 
the 
Ground pin (Pin 4) should be bypassed to true circuit 
ground with 10!'F to minimize noise. 


lOW· 
SHUTOOWN 
HIGH. 
OPERATE 
OR 


N CHANNEL FET --Je;-- 


SUCH AS 2N7000 
'"J.. 


OR IROl20 
-=- 


Fixed +SV CMOS Step-Down 
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CD 
Table 2. Maxim 
DC-DC 
Converters 


:2 
><; 


DEVICE 
DESCRIPTION 
INPUT VOLTAGE 
OUTPUT VOLTAGE 
COMMENTS 


ICL7660 
Charge Pump Voltage Inverter 
1.5V to 10V 
-V'N 
Not regulated 


MAX4193 
DC-DC Boost Converter 
2.4V to 16.5V 
Your > V'N 
RC4193 2nd source 


MAX630 
DC-DC Boost Converter 
2.0V to 16.5V 
Vour> 
V'N 
Improved 
RC4191 2nd source 


MAX631 
DC-DC Boost Converter 
1.5V to 5.6V 
+5V 
Only 2 external components 


MAX632 
DC-DC Boost Converter 
1.5V to 12.6V 
+12V 
Only 2 external components 


MAX633 
DC-DC Boost Converter 
1.5V to 15.6V 
+15V 
Only 2 external components 


MAX4391 
DC-DC Voltage Inverter 
4V to 16.5V 
up to -20V 
RC4391 2nd source 


MAX634 
DC-DC Voltage Inverter 
2.3V to 16.5V 
up to -20V 
Improved 
RC4391 2nd source 


MAX635 
DC-DC Voltage Inverter 
2.3V to 16.5V 
-5V 
Only 3 external 
components 


MAX636 
DC-DC Voltage Inverter 
2.3V to 16.5V 
-12V 
Only 3 external 
components 


MAX637 
DC-DC Voltage Inverter 
2.3V to 16.5V 
-15V 
Only 3 external 
components 


MAX638 
DC-DC Voltage Stepdown 
3V to 16.5V 
Your < V'N 
Only 3 external 
components 


MAX641 
High Power Boost Converter 
1.5V to 5.6V 
+5V 
Drives external 
MOSFET 


MAX642 
High Power Boost Converter 
1.5V to 12.6V 
+12V 
Drives external 
MOSFET 


MAX643 
High Power Boost Converter 
1.5V to 15.6V 
+15V 
Drives external 
MOSFET 


~~I~JXI~~I 
Fixed Output 10 Watt CMOS 
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________ 
General Description 


Maxim's 
MAX641, MAX642, and MAX643 are fixed 


+5V, +12V, and +15V output step-up switching 
regu- 


lators 
designed 
for 
simple, 
minimum 
component 


count DC-DC converter 
circuits 
in the 5 milliwatt 
to 


10 Watt range. All control functions 
are contained 
in 


a compact 
8-pin 
package: 
a bandgap 
reference, 
oscillator, 
voltage 
comparator, 
catch 
diode, 
and a 


driver output 
for an external power MOSFET or bi- 


polar 
transistor. 
An 
on-chip 
N-channel 
power 


MOSFET 
is also included 
for 
low power 
applica- 


tions. 
When 
using 
the internal 
MOSFET, only 
an 


output filter capacitor 
and a small low cost inductor 
are 
required. 
Low 
battery 
detection 
circuitry 
is 


also included on-chip. 


If output 
voltages other than +5V, +12V, or +15V are 


required, the regulators can also be programmed 
for 


other voltages with two external 
resistors. Maxim's 


proprietary 
Dual Mode" 
circuitry 
allows 
both fixed 


and adjustable output operation in one device. 


Maxim also manufactures 
a series of -5V, -12V, and 


-15V DC-DC converters, as well as both positive and 
negative output switching 
regulators with additional 


features 
such 
as logic 
level shutdown, 
adjustable 


oscillator 
and charge-pump 
output. See Table 1 on 


the last page of this data sheet for a summary 
of 


other DC-DC converter products. 


___________ 
Applications 


Simple, High Efficiency DC-DC Converters 


Uninterruptible 
Board-Level Power Supplies 


Power Conditioning 
for Battery Systems 


Portable Instruments and Communications 


N1AXI 
.••••••• 


MAX641 
MAX642 
MAX643 


_____________ 
Features 


• 
Fixed +5V, +12V, +15V Output Voltages 


• 
Adjustable Output with Two Resistors 


• 
On-Chip 
Driver for High Power External 
MOSFET 


• 
Internal 450mA (peak) Power MOSFET 


• 
Low Operating Current -1351-£A 
Typical 


• 
High Efficiency - 
80% Typical 


• 
Compact 8-Pin Mini-DIP 
and Small Outline 
Packages 


PART 
TEMP. RANGE 
PACKAGE 


MAX641XCPA 
D'C to +7D'C 
8 Lead Plastic DIP 


MAX641XCSA 
D'C to +7D'C 
8 Lead Small Outline 


MAX641XC/D 
D'C to +7D'C 
Dice 


MAX641XEPA 
-4D'C to +85'C 
8 Lead Plastic DIP 


MAX641XESA 
-4DoC to +85'C 
8 Lead Small Outline 


MAX641XEJA 
-4DoC to +85'C 
8 Lead CERDIP 


MAX641XMJA 
-55'C to +125'C 
8 Lead CERDIP 


MAX642XCPA 
D'C to +7D'C 
8 Lead Plastic DIP 


MAX642XCSA 
D'C to +7D'C 
8 Lead Small Outline 


MAX642XC/D 
D'C to +7D'C 
Dice 


MAX642XEPA 
-4D'C to +85'C 
8 Lead Plastic DIP 


MAX642XESA 
-4D'C to +85'C 
8 Lead Small Outline 


MAX642XEJA 
-4D'C to +85'C 
8 Lead CERDIP 


MAX642XMJA 
-55'C to +125'C 
8 Lead CERDIP 
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ABSOLUTE MAXIMUM RATINGS 


Supply Voltage, VOUT 
. . . . . . . . . . . 
. 
+18V 
Output Voltage, Lx and LBO 
......•..................... 
+18V 


Input Voltage, Pins 1,2,7,8 
.......•.... 
-0.3V to (+VOUT+ 0.3V) 


Lx Output Current 
...............•............. 
450mA Peak 


LBO Output Current 
50mA 
Operating 
Temperature 


MAX64XXC 
................•..•......•....... 
O'C to +70'C 
MAX64XXE 
........•..•......•..... 
-40'C 
to +85'C 
MAX64XXM 
. 
-55'C 
to +125'C 


Storage Temperature 
.. 


Lead Temperature (Soldering 
10 see) 


Power Dissipation 


Plastic DIP (derate 8.33mW/'C 
above +50'C) 
. 


Small Outline (derate 6mW/'C 
above +50'C) 
. 


CERDIP (derate 8mW/'C 
above +50'C) 
. 


625mW 
450mW 
800mW 


Stresses above those listed under ''Absolute Maximum 
Ratings" may cause permanent 
damage to the device. These are stress ratings only, and functional 


operation 
of the device at these or any other conditions 
above those indicated in the operational 
sections of the specifications 
is not implied. Exposure to 


absolute maximum 
ratings conditions tor extended periods may affect device reliability. 


ELECTRICAL CHARACTERISTICS 
(TA = +25°C 
unless 
otherwise 
indicated) 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN. 
TYP. 
MAX. 
UNITS 


Operating 
Voltage 
+Vs 
Voltage at VOUT 
V 
Over Temperature 
2.0 
16.5 


Voltage at VOUT 
Startup Voltage 
+Vs 
TA = +25'C 
1.5 
1.3 
V 


Over Temperature 
1.8 


Lx off, Over Temperature 


Supply Current 
Is 
VOUT= +5V 
0.135 
0.4 
mA 
VOUT= +12V 
05 
2.0 


VOUT= +15V 
0.75 
2.5 


Reference Voltage (Internal) 
VRE, 
TA = +25'C 
1.24 
1.31 
1.38 
V 
Over Temperature 
1.20 
1.42 


No Load, V's = GND, 
Over Temperature 


MAX641A} 
0 
4.75 
5.0 
5.25 


MAX642A 
5 Yo Output 
11.4 
12.0 
12.6 
VOUTVoltage (Note 1) 
MAX643A 
Accuracy 
14.25 
15.0 
15.75 
V 


MAX6418} 
0 
4.5 
5.0 
5.5 


MAX6428 
10 Yo Output 
10.8 
12.0 
13.2 


MAX6438 
Accuracy 
13.5 
15.0 
16.5 


Efficiency 
With External MOSFET 
80 
% 


Line Regulation 
(Note 1) 
0.5VOUT< +Vs < VOUT 
0.08 
% VOUT 


Load Regulation 
(Note 1) 
+Vs = 0.5VOUT' 
0.2 
% VOUT 
POUT= OmW to 150mW 


VOUT= +2V 
35 
Oscillator 
Frequency 
fo 
= +5V 
45 
kHz 


= +12V.+15V 
50 


Oscillator 
Duty Cycle 
50 
% 


EXT Output Resistance 
VOUT= +5V, lOUT= ±10mA 
140 
n 
VOUT= +15V,lOUT= ±30mA 
90 


CL = 330pF 
EXT Switching 
Time 
tON' tOFF 
VOUT= +5V 
160 
ns 


VOUT= +15V 
125 


Lx ON Resistance 
RON 
Ix = 100mA, VOUT= +5V 
6 
12 
n 
VOUT= +15V 
3.5 
7 


V, = +16.5V 


Lx Leakage Current 
IXL 
TA = +25'C 
0.01 
1.0 
p.A 
Over Temperature (C, E) 
30 


Over Temperature (M) 
100 


Fixed Output 10 Watt CMOS 
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ELECTRICAL CHARACTERISTICS 
(TA = +25°C unless otherwise 
indicated) 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN. 
TYP. 
MAX. 
UNITS 


Diode Forward Voltage 
VF 
IF= 100mA 
1.0 
V 


VFBInput Bias Current 
IFB 
0.01 
10 
nA 


Low Battery Threshold 
VlBI 
1.31 
V 


Low Battery Input 
IlBI 
0.01 
10 
nA 
Bias Current 


V2 = +O.4V,V, = +1.1V 
Low Battery Output Current 
IlBO 
TA = +25°C 
1.0 
mA 
Over Temperature 
05 


Low Battery Output 
IlBOl 
V2 = +16.5V,V, = +1.4V 
0.01 
3.0 
p.A 
Leakage Current 


PIN 
NAME 
FUNCTION 


1 
LBI 
Low Battery Input. When the voltage at 
LBI is lower than the Low Battery Detec- 
tor threshold 
(+1.31V), LBO (Pin 2) sinks 
current. 


2 
LBO 
The Low Battery Detector 
Output 
is an 
open drain N-channel 
MOSFET which 
sinks current 
when the LBI (Pin 1) is 
below +1.31V. 


3 
GND 
Ground 


4 
Lx 
In low power applications 
Lx drives the 
external 
inductor 
with an internal 
N- 
channel power MOSFET. Lx has a typi- 
cal output 
resistance 
of 60 and a peak 
current 
rating of 450mA. 


5 
Your 
The regulated 
DC-DC converter 
output 
when the internal 
MOSFET and catch 
diode are used. When an external 
diode 
is used, this pin becomes the supply volt- 
age input pin. and is usually connected 
to the cathode of the external 
diode. 


PIN 
NAME 
FUNCTION 


6 
EXT 
The drive output for an external 
power 
MOSFET or bipolar transistor. 
EXT 
swings from GND to Your and has a 100 
sink/source 
impedance. 
EXT is low 
when Lx is open-circuit 
and is high 
when Lx is on. 


7 
VFB 
When VFBis grounded, 
the DC-DC con- 
verter output will be the factory 
preset 
value. When an external voltage divider 
is connected 
from the Your to VFBand 
GROUND, this pin becomes the feed- 
back input for adjustable 
output 
operation. 


8 
COMP 
The Compensation 
input is connected 
to the internal voltage divider which sets 
the fixed voltage output. 
In some circuit 
board layouts, a lead compensation 
capacitor 
(100pF to 10nF) connected 
between Your and COMP reduces low 
frequency 
ripple and improves transient 


response. Ground 
comp when using an 
External Voltage divider on VFB. 


Fixed Output 10 Watt CMOS 
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_______ 
Detailed 
Description 
Basic Operation 


The 
operation 
of the MAX641 series can 
best be 
understood 
by examining 
the regulating 
loop of Fig- 
ure 1. When 
the 
output 
voltage 
drops 
below 
the 
preset (or externally 
set) value, the Error Compara- 
tor switches 
high and connects 
the internal 
45kHz 
Oscillator 
to the Lx and EXT outputs. 
EXT is typi- 


cally connected 
to the gate of an external N-channel 
power MOSFET. When EXT is activated, the MOSFET 
turns on and off at the internal clock frequency. 


When EXT is high, the MOSFET switches on and the 
inductor 
current increases linearly, storing energy in 
the coil. When EXT switches 
the MOSFET off, the 
coil's magnetic field collapses, and the voltage across 
the inductor 
reverses sign. The voltage at the anode 
of the catch diode then rises until the diode is for- 
ward biased, delivering 
power to the output. 
As the 
output 
voltage 
reaches the desired 
level, the Error 
Comparator 
inhibits 
EXT until the load discharges 
the output 
filter 
capacitor 
to less than the desired 
output 
level. See the Maxim MAX630 data sheet for 
further 
discussion 
on 
different 
types 
of 
DC-DC 
converters. 


Though 
designed 
to power an external 
MOSFET or 
bipolar 
transistor, 
the MAX641 series will also work 
well 
in low power 
applications 
«250mW) 
with 
its 
own 
internal 
MOSFET 
and catch 
diode. 
In these 
applications 
the Lx output 
does the current 
switch- 
ing and an external 
capacitor 
and inductor 
are all 
that is needed. 


vlNl~-_rrrn 
+3V 
47IJ.H 


V'N,Bootstrapped Operation 


The MAX641/42/43 
does not have a VIN pin. Input 


power to start the DC-DC 
converter 
is supplied 
via 


the external inductor, and diode if used, to the VOUT 
pin. If an external 
catch diode is used, its cathode 


should be connected 
to VOUTas well. Once the con- 


verter has started, 
it is then powered 
from 
its own 


output. This design ensures that the output MOSFET 
will have maximum gate drive and hence a minimum 
RON. It also allows 
the converter 
to start at lower 


input voltages. 


VIN Greater Than VOUT 


If the 
regulator's 
input 
voltage 
is more than 
one 


forward 
diode drop greater than the desired output 


voltage, the EXT and Lx outputs will not turn on. De- 
spite this, current 
will still be supplied 
to the load 


directly through 
the catch diode, but without 
regula- 


tion. The output will equal the input voltage less the 
forward drop of the catch diode (about O.6V) as long 
as the input 
is more than 
O.6V above the desired 


output. 


Fixed or Adjustable Output 


For operation 
at one of the preset output 
voltages 


(+5V for the MAX641, +12V for MAX642, and +15V for 
MAX643), VFBis connected to GROUND. No external 
resistors are required. 


F 
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lN5817 
+ 
CI 
I 
I470"F 
I 
I 
I 
I 


6 
14 


EXT 
L, 


CATCH 
DlOOE 
VOUT 
5 


C2 
100pF 


'300kn 


COMP 
8 


IOOkn 
GNo 
3 


-FOR 
VOUT '" +5V 
ON MAX641 


..I"'I..IJ X 1..1"'1 


Figure 1. +3V to +5V Converter and Block Diagram 
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For adjustable 
output 
operation, 
other voltages are 
selected by connecting 
an external voltage divider to 
VFB as shown 
in Figure 2. The output 
is set by R3 
and R4 as follows: 


Let R4 be any resistance 
in the 10k!1 to 10M!1 
range, typically 
100k!1. 


VOUT 
R3 = R4 (1.31V -1) 


Low Battery Detector 


The Low Battery Detector compares the voltage on 
the Low Battery Input (LBI), pin 1,with the internal +1.31V 
bandgap reference. The Low Battery Detector Output 
(LBO), pin 2, goes low whenever the input voltage at 
LBI is less than +1.31V. The Low Battery threshold 
is 
set by resistors R1 and R2 (Figure 1). 


Let R2 be any resistance 
in the 10kO to 10M!1 


range, typically 
100k!1. 


VLB 
(VLB is the desired Low 
R1 = R2 (1.31V -1) 
Battery detection voltage) 


_______ 
External 
Components 
Inductor Selection 


The available output 
current from a DC-DC voltage 
boost converter 
is a function 
of the input voltage, 


external inductor value, output voltage and the operat- 
ing frequency. 
For most MAX641/42/43 
applications 
the 
inductor 
is the only 
design 
variable 
since 
the 
operating frequency is fixed, and the input and output 
voltages 
are 
set 
by 
the 
application. 
The 
proper 
inductor 
must 1) have the correct 
inductance, 
2) be 
able to handle 
the required 
peak currents, 
and 3) 
have acceptable series resistance and core losses. 


When the inductor driver turns on: 


di 
VIN 


dt 
L 


At the end of the on-time, 
tON, the 
peak current, 


Ipk, is: 


V1NtON 
1 
Ipk = --L- 
where: tON = 2fo 


The energy in the coil is: 


L Ipk2 


EL=-2- 


At maximum 
load this cycle is repeated fa (typically 


45kHz) times per second, and the power transferred 
through 
the 
coil 
is PL = fox 
EL. Since 
the coil 


supplies the voltage above the input voltage: 


PL 
lOUT = VOUT- VIN 


The DC-DC 
converter's 
output 
current 
is provided 
both by the inductor 
and directly from the battery. If 


v" 
I 
lN5817 
! 


1 
~ 
1 
Vour> VI" 
1 
4 
•• 
Lx 
Your 
~ 
5 
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MAX641 
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~ 
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the load draws less than the maximum 
current, 
EXT 


(or 
Lx) turns 
on only 
often 
enough 
to 
keep the 


output voltage at the desired level. 


If the selected 
inductor 
has too 
high a value, the 


MAX641/42/43 will not be able to deliver the desired 
output 
power, even with 
the output 
turned 
on for 


every oscillator 
cycle. 
The available 
output 
power 


can be increased 
by either raising the input voltage 


or lowering 
the inductance. 
This causes the current 


to rise at a faster rate, and results in a higher 
peak 


current at the end of each cycle. The available output 
power increases since it is proportional 
to the square 
of the peak inductor 
current. The maximum 
induct- 


ance therefore is: 


VIN2 


LMAX=-- 
8fo PL 


L Ipk2 fa 
VIN 
~ 
since: PL = --2-- 
and: Ipk = 2fo L 
~ 


Remember 
that 
the 
required 
output 
power 
must 


include what is dissipated 
in the forward 
drop of the 
catch diode (VF) as well: 


POUT= PL = 10UT(VOUT+ VF) = PL + VIN lOUT 


If the coil's inductance 
is too low, the current 
at Lx 


may rise above the maximum 
rating. The minimum 


allowed inductor value is expressed by: 


V1N 
LMIN= 2f 
I 
a 
MAX 
IMAX depends on the current 
rating of the inductor 


and external MOSFET or transistor, 
if used. For the 
internal MOSFET (Lx output), 
IMAXis 325mA. 


Refer to the MAX631 data sheet for more details on 
inductor 
selection 
and operation 
using the internal 
MOSFET output (Lx). 
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External MOSFET 


An external 
MOSFET or transistor 
can be used to 
drive the inductor 
in high power applications. 
The 


current handling specifications 
of the external device 
must 
match 
the peak current 
which 
flows 
in the 
inductor 
(see Inductor 
Selection). 
The only restric- 
tion on the size of the external driver is that the EXT 
output 
must be able to drive the external 
device's 
gate (or base) capacitance 
at the internal clock rate 
(45kHz). The external 
driver 
may also be used to 
increase operating voltage range of the MAX641/42/43 
(see Typical Applications). 


Output Filter Capacitor 


The MAX641/42/43's 
output 
ripple has two compo- 
nents which 
are 90° out of phase. One component 
results from the change in the stored charge on the 
filter capacitor 
with each Lx pulse. The other is the 
product 
of the capacitor's 
charge-discharge 
current 
and its ESR (equivalent series resistance). With low 
cost aluminum 
electrolytic 
capacitors, 
the ESR pro- 
duced ripple is often larger than that caused by the 
change in charge. Consequently, 
high quality alumi- 
num or tantalum 
filter capacitors 
will minimize out- 
put ripple, 
even if smaller 
capacitance 
values are 
used. Best results at reasonable 
cost are typically 
achieved with a high quality 
aluminum 
electrolytic, 
in the 100iLF to 500iLF range, in parallel with a 0.1iLF 
ceramic 
capacitor. 
See the MAX630 data sheet for 
more information 
on output filter capacitors. 


Diodes 


When the MAX641/42/43 
is used with 
an external 
power MOSFET, the internal diode can be used if the 
peak diode 
current 
rating 
(325mA) 
and maximum 
package power dissipation 
ratings are observed. For 
higher 
power 
circuits 
an external 
Schottky 
diode 
such 
as the 1N5817 (1 Amp) 
or 1N5821 (3 Amp) 
should 
be 
connected 
between 
Lx 
and 
VOUT, 
in 
parallel 
with the internal 
diode. Although 
1N4001s 
and other 
general 
purpose 
rectifiers 
are rated for 
high currents, 
they are not recommended 
because 
their 
slow turn-on 
time 
results in excessive losses 


and poor efficiency. 


_. 
. 
.____ 
Application 
Hints 


Bypassing and Compensation 


Since the inductor 
charging 
current 
can be rela- 
ively large, high currents 
flow through 
the ground 
connection 
near 
the 
MAX641/42/43. 
To prevent 
unwanted 
feedback, 
the impedance 
of the ground 
path 
must 
be as low as possible, 
and a bypass 
capacitor 
(10iLF) should 
be at the VOUT pin, even if 
large 
filter 
capacitors 
are used 
elsewhere 
in the 


circuit. 


When large values (>50kl1) are used for the voltage 
setting 
resistors 
(R3 and 
R4 of 
Figure 
2) in the 


adjustable 
output 
mode, stray 
capacitance 
at the 


VFB input can add a "lag" to the feedback 
response, 


destabilizing the regulator and causing output pulses 
to 
occur 
in 
bursts. 
This 
problem 
can 
often 
be 


avoided by minimizing 
lead lengths and circuit board 


trace size at the VFB node. Normal 
operation 
with 


evenly 
distributed 
pulses can also be restored 
by 


adding 
a "lead" 
compensation 
capacitor 
(100pF to 


10nF) in parallel with R3. 


The COMP input, pin 8, allows access to the inter- 
nal voltage 
divider 
so that compensation 
can also 


be added when fixed 
output 
operation 
is used. A 


capacitor connected between VOUT and COMP again 
adds a "lead" to the regulator's 
response. 


Inductor Saturation 


It is important 
to be sure that the inductor 
does not 


saturate, 
particularly 
in high power circuits. 
Induc- 


tor 
saturation 
leads 
to 
very 
high 
current 
levels 


through 
the 
external 
boost 
transistor, 
causing 


excessive 
power 
dissipation, 
poor 
efficiency, 
and 


possible 
damage to the inductor 
and the external 


transistor. 


Test for saturation 
by applying 
the maximum 
load 


and the maximum 
input 
voltage 
while 
monitoring 


the inductor current with a current probe. The normal 
inductor 
current 
waveform 
is a sawtooth 
with 
a 


linear current 
ramp. Saturation 
creates a nonlinear 


current 
waveform 
with 
a very 
rapid 
increase 
in 


current once the inductor saturates. 
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_______ 
Typical Applications 


Basic High Power Hookup 


Figure 2 shows the standard circuit configuration 
for 


a fixed output step-up 
DC-DC converter. The output 


power 
is determined 
by the current 
ratings 
of the 


external MOSFET and inductor 
as well as the switch- 


ing times of the EXT output into the gate capacitance 
of the MOSFET. Typical switching 
times are given in 


the Electrical Characteristics 
table. 


Step-Up Conversion Using Lx 


In low power Applications 
the Lx output and internal 


diode 
may be used instead of an external 
MOSFET 


and diode as shown in Figure 3. The power handling 
capability 
of this 
circuit 
is about 
250mW. See the 


MAX631 data sheet for inductor selection information. 


High Voltage Operation 


If the external MOSFET or transistor 
has an adequate 


voltage 
rating, then the output 
voltage 
range of the 


MAX641/42/43 
can 
be 
extended 
(Figure 
4). 
The 


adjustable output mode must be used (VFB connected 
to 
external 
resistors) 
and 
the 
VOUT 
pin 
must 
be 
connected 
to the circuit's 
INPUT voltage. 
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83 


VFB 7 
MAX641 
MAX642 
MAX643 


COMP 
GNO 
8 
3 


Fixed Output 10 Watt CMOS 
Step-Up Switching Regulators 


C") 
Table 1. Maxim 
DC-DC 
Converters 


~ 
~ 


~•••• 
~ 


~i 


DEVICE 
DESCRIPTION 
INPUT VOLTAGE 
OUTPUT 
VOLTAGE 
COMMENTS 


ICL7660 
Charge Pump Voltage Inverter 
1.5Vt010V 
-V'N 
Not regulated 


MAX4193 
DC-DC Boost Converter 
2.4V to 16.5V 
Your > V'N 
RC4193 2nd source 


MAX630 
DC-DC Boost Converter 
2.0V to 16.5V 
Vour> 
V'N 
Improved 
RC4191 2nd source 


MAX631 
DC-DC Boost Converter 
1.5V to 5.6V 
+5V 
Only 2 external 
components 


MAX632 
DC-DC Boost Converter 
1.5V to 12.6V 
+12V 
Only 2 external 
components 


MAX633 
DC-DC Boost Converter 
1.5V to 15.6V 
+15V 
Only 2 external components 


MAX4391 
DC-DC Voltage Inverter 
4V to 16.5V 
up to -20V 
RC4391 2nd source 


MAX634 
DC-DC Voltage Inverter 
2.3V to 16.5V 
up to -20V 
Improved 
RC4391 2nd source 


MAX635 
DC-DC Voltage Inverter 
2.3V to 16.5V 
-5V 
Only 3 external components 


MAX636 
DC-DC Voltage Inverter 
2.3V to 16.5V 
-12V 
Only 3 external 
components 


MAX637 
DC-DC Voltage Inverter 
2.3V to 16.5V 
-15V 
Only 3 external 
components 


MAX638 
DC-DC Voltage Stepdown 
3V to 16.5V 
Your < V'N 
Only 3 external 
components 


MAX641 
High Power Boost Converter 
1.5V to 5.6V 
+5V 
Drives external 
MOSFET 


MAX642 
High Power Boost Converter 
1.5V to 12.6V 
+12V 
Drives external 
MOSFET 


MAX643 
High Power Boost Converter 
1.5V to 15.6V 
+15V 
Drives external 
MOSFET 


PART 
TEMP. RANGE 
PACKAGE 


MAX643XCPA 
O°C to +70°C 
8 Lead Plastic DIP 


MAX643XCSA 
O°C to +70°C 
8 Lead Small Outline 


MAX643XC/D 
O°C to +70°C 
8 Lead Dice 


MAX643XEPA 
-40°C to +85°C 
8 Lead Plastic DI P 


MAX643XESA 
-40°C to +85°C 
8 Lead Small Outline 


MAX643XEJA 
-40°C to +85°C 
8 Lead CERDIP 


MAX643XMJA 
-55°C to +125°C 
8 Lead CERDIP 


~1f1~JXI~1f1 
Dual Mode™5V/Programmable 
Micropower 
Voltage Regulators 
Features 


• 
Dual Mode Operation: 
Fixed +5V or Adjustable 
from +1.3V to +16V 


• 
Low Power CMOS: 12~A Max Quiescent 
Current 


• 
40mA Output 
Current, 
with Current 
Limiting 


• 
Pin-Compatible 
Upgrade 
of ICL7663 
and ICL7664 


• 
+2V to +16.5V Operating 
Range 


• 
Low Battery 
Detector 
(MAX666) 


• 
No Output 
Over-Shoot 
on Power Up 


General Description 


The MAX663/664/666 
CMOS 
voltage 
regulators 
have 


a maximum 
quiescent 
current 
of 12~A. They can be 
used either 
as 5 volt, fixed 
output 
regulators 
with no 


additional 
components, 
or can be adjusted 
from 
1.3V 


to 16V using two external 
resistors. Fixed or adjustable 
operation 
is automatically 
selected 
via the VSET input. 


The MAX66X series, ideally suited for battery powered 
systems, 
has an input 
voltage 
range of 2 to 16.5V, an 
output 
current 
capability 
of 40mA, 
and can operate 


with 
low 
input-output 
differentials. 
Other 
features 


include 
current 
limiting 
and low power shut down. 


The MAX663 
positive 
regulator 
and MAX664 negative 


regulator 
are 
both 
pin 
and 
electrically 
compatible 
with 
the 
ICL7663 
and 
ICL7664 
and 
can 
plug-in 


replace 
these 
devices, 
improving 
performance 
and 


eliminating 
the 
need 
for 
external 
resistors 
in 
5V 


applications. 
The MAX666 
has a positive 
output 
and 
includes 
on-chip 
low-battery 
detection 
circuitry. 


Handheld 
Instruments 
LCD Display 
Systems 
Pagers 
Remote 
Data Acquisition 
and Telemetry 
Radio Controlled 
Devices 
Long-life 
Battery 
Powered 
Systems 
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1 
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2 
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3 
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4 


8 
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• 
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• 
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PART 
TEMP. RANGE 
PACKAGE 


MAX663C/D 
O°C to +70°C 
Dice 


MAX663CPA 
O°C to +70°C 
8 Lead Plastic DIP 


MAX663CSA 
O°C to +70°C 
8 Lead Small Outline 


MAX663EPA 
-40°C to +85°C 
8 Lead Plastic DIP 


MAX663ESA 
-40°C to +85°C 
8 Lead Small Outline 


MAX663EJA 
-40°C to +85°C 
8 Lead CERDIP 


MAX663MJA 
-55°C to +125°C 
8 Lead CERDIP 


MAX664C/D 
O°C to +70°C 
Dice 


MAX664CPA 
O°C to +70°C 
8 Lead Plastic DIP 


MAX664CSA 
O°C to +70°C 
8 Lead Small Outline 


MAX663EPA 
-40°C to +85°C 
8 Lead Plastic DIP 


MAX664ESA 
-40°C to +85°C 
8 Lead Small Outline 


MAX664EJA 
-40°C to +85°C 
8 Lead CERDIP 


MAX664MJA 
-55°C to +125°C 
8 Lead CERDIP 


MAX666C/D 
O°C to +70°C 
Dice 


MAX666CPA 
O°C to +70°C 
8 Lead Plastic DIP 


MAX666CSA 
O°C to +70°C 
8 Lead Small Outline 


MAX666EPA 
-40°C to +85°C 
8 Lead Plastic DIP 


MAX666ESA 
-40°C to +85°C 
8 Lead Small Outline 


MAX666EJA 
-40°C to +85°C 
8 Lead CERDIP 


MAX666MJA 
-55°C to +125°C 
8 Lead CERDIP 
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ABSOLUTE MAXIMUM RATINGS 


MAX663 and MAX666 
Input 
Supply 
Voltage 
................•.........•...... 
+1BV 
Terminal 
Voltage 
Pins 
1,3,5,6, 
MAX663 
- 
Pin 7, 


and 
MAX666 
- 
Pin 2, 
GND 
-0.3V 
to V'N +0.3V 
MAX663 
- 
Pin 2 
GND 
-0.3V 
to Voun 
+0.3V 
MAX666 
- 
Pin 7 
GND 
-0.3V 
to +16.5V 
Output 
Source 
Current 
MAX663,666 
- 
Pin 2 (VOUT2' VOUT) 
50mA 
MAX663 
- 
Pin 3 (VOUT') 
...........•........ 
25mA 
Output 
Sink 
Current, 
Pin 7 
..................•....... 
-10mA 


MAX664 
Input 
Supply 
Voltage 
......•.......................... 
-1BV 
Terminal 
Voltage 
Pins 
1,3,5,6,7 
V,N -0.3V 
to GND 
+0.3V 
Pin 2 
V,N -0.3V 
to VOUT, +0.3V 
Output 
Sink 
Current, 
(Pins 
1,7) 
-25mA 


ALL 
DEVICES 
Power 
Dissipation 
Plastic 
DIP 
(Derate 
B.3mW/oC 
above 
+50°C) 
625mW 


Small 
Outline 
(Derate 
6mW/oC 
above 
+50°C) 
450mW 


CERDIP 
(Derate 
BmW/oC 
above 
+50°C) 
BOOmW 


Operating 
Temperature 
Range 
MAX66XC 
O°C to +70°C 


MAX66XE 
....................•..•....... 
-40°C 
to +B5°C 


MAX66XM 
-55°C 
to +125°C 


Storage 
Temperature 
-65°C 
to +150°C 


Lead 
Temperature 
(Soldering 
10 seconds) 
+300°C 


Stresses above those listed under "Absolute Maximum 
Ratings" may cause permanent damage to the device. These are stress ratings only and functional 


operation of the device at these or any other conditions above those indicated in the operational sections of the specifications is not implied. Exposure to 
absolute maximum rating conditions for extended periods may affect device reliability. 


ELECTRICAL CHARACTERISTICS, 
MAX663 AND MAX666 


(V,N = +9V, VOUT = +5V, TA = +25°C, 
unless 
otherwise 
noted.) 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Input 
Voltage 
V'N 
Over 
Temperature 
(C) 
2.0 
16.5 
V 


Over 
Temperature 
(E, M) 
2.2 


No 
Load, 
V'N = +16.5V 


Quiescent 
Current 
IQ 
TA = +25°C 
6 
12 


I"A 
Over 
Temperature 
(C) 
15 


Over 
Temperature 
(E, M) 
20 


VSET = GND 
Output 
Voltage 
VOUT 
Over 
Temperature 
(C, E) 
4.75 
5.0 
5.25 
V 


Over 
Temperature 
(M) 
4.5 
5.0 
5.5 


Line 
Regulation 
tNOUT/tN'N 
+2V 
oS V'N oS +15V, VOUT = VREF 
0.03 
0.35 
%/V 


MAX663: 
1mA 
oS IOUT2 oS 20mA 
3.0 
7.0 


Load 
Regulation 
~VOUT/ ~I OUT 
MAX663: 
50l"A 
oS loun 
,; 5mA 
1.0 
5.0 
n 


MAX666: 
1mA < lOUT oS 20mA 
3.0 
7.0 


Reference 
Voltage 
VSET 
VOUT = VSET 
1.27 
1.33 
V 


Reference 
Tempco. 
~VsET/~T 
Over 
Temperature 
±100 
ppm/oC 


VSET Internal 
Threshold 
for 
VF/A 


VSET < VF/A for 
+5V Out 
50 
mV 
Fixed 
+5V or Adjustable 
Output 
VSET> VF/A for 
Adjustable 
Out 


VSET Input 
Current 
ISET 
Over 
Temperature 
(C, 
E) 
±0.01 
±10 
nA 


Over 
Temperature 
(M) 
±25 


Shutdown 
Input 
Voltage 
VSHON 
VSHON HI = Output 
Off 
1.4 


V 


VSHON LO = Output 
On 
0.3 


Shutdown 
Input 
Current 
ISHDN 
±0.01 
±10 
nA 


SENSE 
Input 
Threshold 
VOUT - VSENSE 
Current 
Limit 
Threshold 
0.5 
V 


SENSE 
Input 
Resistance 
RSENSE 
3 
Mn 


Input-Output 
Saturation 
V'N = +2V, lOUT = 1 mA 
200 
500 


Resistance, 
MAX663 
- VOUT' 
RSAT 
V,N = +9V, lOUT = 2mA 
70 
150 
n 


V,N = +15V, lOUT = 5mA 
50 
150 


Output 
Current, 
VOUT2 
lOUT 
+3V 
oS V,N oS +16.5V 
40 
mA 
(VOUT on 
MAX666) 
V'N - VOUT = +1.5V 


TA = +25°C 
1.0 


Minimum 
Load 
Current 
ILIMINI 
Over 
Temperature 
(C, E) 
5.0 
I"A 


Over 
Temperature 
(M) 
10.0 
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ELECTRICAL CHARACTERISTICS, 
MAX663 AND MAX666 (continued) 


(V,N= +9V,VOUT= +5V,TA= +25°C, unless otherwise noted.) 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


LBI Input Threshold 
VLB1 
MAX666 
1.21 
1.28 
1.37 
V 


LBI Input Current 
ILB1 
MAX666 
±D.01 
±10 
nA 


LBO Output Saturation 
RSAT 
MAX666, ISAT= 2mA 
35 
n 
Resistance 


LBO Output Leakage Current 
MAX666, LBI = +1.4V 
10 
nA 


VTCOpen-Circuit 
Voltage 
VTC 
MAX663 
0.9 
V 
(Note 1) 


VTCSink Current (Note 1) 
ITC 
MAX663 
8.0 
2.0 
mA 


VTCTemperature Coefficient 
MAX663 
+2.5 
mVioC 
(Note 1) 


Note 1: 
This output (MAX663 only) has a positive temperature 
coefficient. 
Using it in conjunction 
with the input of the regulator at VSET'a 


negative coefficient 
results in the output voltage. The VTCpin will not source current. 


ELECTRICAL CHARACTERISTICS, MAX664 
(V,N= -9V, VOUT= -5V, TA = +25°C, unless otherwise noted.) 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Input Voltage 
V,N 
Over Temperature (C) 
-2.0 
-16.5 
V 
Over Temperature (E, M) 
-2.2 


No Load, V,N= -16.5V 


Quiescent 
Current 
10 
TA = +25°C 
6 
12 
p.A 
Over Temperature (C) 
15 


Over Temperature (E, M) 
20 


VSET= GND 
Output Voltage 
VOUT 
Over Temperature (C, E) 
-4.75 
-5.0 
-5.25 
V 
Over Temperature (M) 
-4.5 
-5.0 
-5.5 


Line Regulation 
fNoUT/tJ.V,N 
-2V 5 V,N5 -15V, VOUT= VAEF 
0.03 
0.35 
'ioN 


Load Regulation 
tJ.VouTItJ.IOUT 
VOUT2connected 
to Voun, 
2.0 
5.0 
n 
1mA 5 lOUT5 15mA 


Reference Voltage 
VSET 
Vou'r = VSET 
-1.27 
-1.33 
V 


Reference Tempco. 
tJ.VsET/tJ.T 
Over Temperature 
±100 
ppm/oC 


VSETInternal Threshold 
for 
VSET< VF/Afor -5V Out, 
Fixed -5V or Adjustable 
VF/A 
-50 
mV 
Output Operation 
VSET> VF/Afor Variable Out 


VSETInput Current 
' 
SET 
Over Temperature (C, E) 
±D.01 
±10 
nA 
Over Temperature (M) 
±25 


Shutdown 
Input Voltage 
VSHDN 
VSHDNHI = Output Off 
-1.4 
VSHDNLO = Output On 
-0.3 


Shutdown 
Input Current 
ISHDN 
±D.01 
±10 
nA 


SENSE Input Threshold 
VOUT- VSENSE 
Current limit 
Threshold 
-0.6 
V 


SENSE Input Resistance 
RSENSE 
3 
Mn 


VOUT2connected to VOUT1 
Input-Output 
Saturation 
RSAT 
V,N= -2V, lOUT= -1 mA 
150 
500 
n 
Resistance 
V,N= -9V, lOUT= -2mA 
40 
80 
V,N= -15V, lOUT= -5mA 
30 
60 


TA = +25°C 
-1.0 
Minimum 
Load Current 
IL(MIN) 
Over Temperature (C, E) 
-5.0 
p.A 
Over Temperature (M) 
-10.0 
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Typical Operating 
Characteristics 


MAX663 VOUT1 
INPUT-OUTPUT 
DIFFERENTIAL 
vs. OUTPUT CURRENT 


MAX663 VOUT2,MAX666 VOUT 
INPUT-OUTPUT 
DIFFERENTIAL 
vs. OUTPUT CURRENT 


MAX664 
INPUT-OUTPUT 
DIFFERENTIAL 


vs. OUTPUT CURRENT 


ZO 


1.8 


1.6 


1.4 
~j 


1.2 


1.0 
, 
~ 
no 


n6 


n4 


2 
4 
6 
6 
10 
12 
14 
16 
16 
20 


10uTI (mAl 


ZO 
1.8 


TA= +25°C 
1.6 
VOUTIAND YOUTZ 


1.4 
CONNECTED 
~ 
roOETHER 
j 
1.2 
, 
1.0 
~ n8 


n6 


n4 
'Ii,=-9V 


n2 


0 
'Ii, =-16V 


0 
12 
18 
24 
30 


lour 
(mA) 


INPUT POWER SUPPLY 
REJECTION 
RATIO 


100 


110 


80 


70 


;;; 
80 


""~~ 


20 


nl 
1.0 
1M 
1000 
Ik 


FREQUENCY [Hz) 


o 
-50 
-25 
0 
25 
50 
75 


TEMPERATURE (·C) 


NAME 
FUNCTION 
(See text lor details) 


VOUT(1)(2) 
Regulator Output(s) 


V'N 
Regulator Input 


SENSE 
Current limit sense input 


LBI 
Low battery detection 
input 


LBO 
Low battery detection 
output 


SHUTDOWN 
Disables output for minimum 
power 
consumption 


Ground this pin for 5V output or 


VSET 
Connect to external resistive divider for 
adjustable 
output 


VTC 
Temperature-proportional 
voltage 


for negative TC output 


V" 
8~~ 
_ 
IPOS)~ 
_ 


___ 
2__ 


VOUT2 


3: 
VOUT1 
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-- 
Detailed Description 


As shown 
in the block 
diagrams 
for each device 
(Figures 
1, 2, and 
3), the 
main 
eleme~ts 
of the 
MAX66X 
family 
of 
regulators 
are 
a mlcropower 
bandgap 
reference, 
an error 
amplifier, 
and one or 
two series 
pass output 
devices. 
A P-channel 
FET 
and an NPN transistor 
are used on the MAX663, 
two N-channel 
FETs are used in the MAX664 , and 
one NPN output 
transistor 
is used in the MAX666. 
All regulators 
also contain 
two comparators, 
one 
for current 
limiting 
(C1) and another which selects 
fixed 5V or adjustable 
output 
operation 
(C2). 


The bandgap 
reference, 
which 
is trimmed 
to 1.30V 
±30mV, is internally 
connected 
to one input of the 
error 
amplifier, 
A1. The feedback 
signal 
from 
the 
regulator 
output 
is supplied 
to the A1's other input 
by either 
an on-chip 
voltage 
divider 
or 
by two 
external 
resistors. 
When 
VSET is 
grounded 
the 
internal 
divider 
provides 
the error amplifier's 
feed- 
back 
signal 
for a fixed 
5V output. 
When 
VSET is 
more than 50mV above ground 
(below 
ground 
for 
the MAX664) the error amplifier's 
input is switched 
directly 
to the VSETpin and external 
resistors 
set 
the output 
voltage. 


Comparator 
C1 monitors 
the output 
current via the 
SENSE input 
and shuts down the regulator's 
out- 
putts) 
by disabling 
A1. An external 
current 
sense 
resistor, RCL' sets the limit value. The MAX663 and 
MAX666 
current-limit 
when 
the 
voltage 
on 
RCL 
exceeds O.5V.The MAX664 current 
limits at O.6V. 


The MAX663 has an additional 
amplifier, 
A2, which 
provides 
a temperature-proportional 
output, 
VTC' 
When this is summed into the inverting 
input of the 
error 
amplifier, 
a negative 
temperature 
coefficient 
results at the output. 
This is useful when powenng 
liquid 
crystal 
displays 
over 
wide 
temperature 
ranges. 


The 
MAX666 
has a third 
comparator, 
C3, which 
compares 
the LBI input 
to the internal 
1.30V ref- 
erence. The Low Battery 
Output, 
LBO, is an open 
drain 
FET connected 
to Ground. 
The Low Battery 


threshold 
can also be set with a voltage 
divider 
at 
LBI. 
In addition, 
all devices 
also 
have a SHUT- 
DOWN 
input 
which 
disables 
the 
error 
amplifier 
and regulator 
output(s). 


Basic Circuit 
Operation 


Figure 4 shows the connections 
for fixed 5V.outp~t 


positive and negative 
regulators. 
The VSETInput IS 


grounded 
and no external 
resistors 
are requir~d. 


Figure 
5 shows 
adjustable 
output 
operation 
with 
current 
limiting. 
The output 
voltage 
IS set by R1 
and 
R2 and the current 
limit 
threshold 
is set by 


RCL.VOUTshould be connected 
to SENSE if current 
limiting 
is not 
used 
and 
the 
SHUTDOWN 
Input 
•• 
should be grounded 
if not used. 
~ 
Output Voltage Selection 


If VSET is not connected 
to Ground, 
the output 
voltage is set by the equation: 


R1 + R2 
VOUT= VSETx -R-1-' 
where 
VSET= 1.30V 


or, to simplify resistor selection: 


VOUT 
R2 = R1 x (1.30V -1) 


Since the input 
bias current 
at VSET has a maxi- 


mum value of 10nA, relatively 
large values can be 
used for R1 and R2 with no loss of accuracy. 
1Mfl 


is a typical 
value for R1. The tolerance 
on VSETis 
guaranteed 
to be less than ±30mV. ThiS allows the 
output 
to be preset without 
trim 
pots, using 
only 
fixed resistors in most cases. 


~1II1~JXI"';IIII 
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+6V TO+16V 
Villi 


INPUT 


PIN 17 = N.C. 


VOUTI 
-SV 


.NIA X I.NI 
OUTPUT 


MAX664 
VOUT2 


Current Limiting 


Internal 
current 
limiting 
is activated 
on all MAX66X 
devices when the voltage 
difference 
between VOUT 
and the SENSE input exceeds an internal threshold. 
The limit 
value is externally 
set by RCl using the 
equation: 


RCl = VCl 
ICl 


VCl = O.SVfor MAX663 and MAX666 
VCl = -O.6V for MAX664 


(VCl = VOUT- VSENSE) 


where 
RCl is the current 
limit 
sense resistor 
and 


ICl is the maximum 
current. 
RCl should 
be chosen 
so that neither the SOmA absolute 
maximum 
output 
current 
specification 
nor the maximum 
power dis- 
sipation 
is exceeded. 


If current 
limiting 
is used, remember 
that the addi- 
tional voltage 
drop across RCl must be considered 
when determining 
the regulator's 
dropout 
voltage. 
If current 
limiting 
is not 
used, the 
SENSE 
input 
should be connected 
to the output(s). 


Shutdown Input 


The SHUTDOWN 
input 
allows 
the regulator 
to be 
turned off with a logic level signal. Since the current 
drain in shutdown 
mode is limited to the regulator's 
quiescent 
current 
(12J.lA Max) 
this 
is sometimes 
desirable 
in 
applications 
where 
very 
low 
power 
consumption 
is 
needed. 
The 
SHUTDOWN 
input 


+2V TO +16V 
V,. 
SENSE 


INPUT 
+1.3 TO +ISV 
VOUlt 
<03V=oN 
SHoN .NIA X I.NI 
RCI 
OUTPUT 


> 1.4V = OFF 
MAX663 
R2 
MAX666 


PIN a 7 = N.C. 
VSEI 
GNo 


RI 


4 
":" 
":" 


RI.R2 


IVOUTI • 1.30 -R-\ 
V 


-2V TO -16V 
V,. 
SENSE 
INPUT 


>-03V=ON 
as 
VOUTl 
-1.3 
TO -ISV 


<-1.4V=oFF 
SHoN 
VOUT2 
RCI 
OUTPUT 


.NIAXI.NI 
R2 
MAX664 


GNo 
VSEl 


RI 
6 


":" 


should 
be driven with a CMOS logic level since the 


input threshold 
is only O.3V (-O.3V on the MAX664). 


In TTL 
systems, 
an open-collector 
driver 
with 
a 


pullup 
resistor will work with the MAX663/666 
if a 


small collector 
current 
is used to keep the output's 


VSAT below O.3V. Collector 
currents 
as low as 1J.lA 


are 
suitable 
since 
the 
SHUTDOWN 
pin's 
input 


current 
is less than 10nA. Note that the MAX664's 


SHUTDOWN 
input 
is activated 
by a negative level. 


On 
both 
positive 
and 
negative 
regulators 
the 


SHUTDOWN 
input should 
be grounded 
for normal 


operation. 


Low Battery Detection 


The 
MAX666 
contains 
on-chip 
circuitry 
for 
low 


battery or low power supply detection. 
If the voltage 


at LBI 
(Low 
Battery 
Input, 
pin 3) falls 
below 
the 


regulator's 
internal 
reference 
(1.30V) 
then 
LBO 


(Low Battery Output, 
pin 7), an open drain output, 


goes 
low. The 
threshold 
can 
be set to any 
level 


above the reference voltage by connecting 
a resistive 


divider to LBI (Figure 6) based on the equation: 


VSATT 
R3 = R4 x (1.30V -1) 


where 
VSATT is the desired 
threshold 
of the 
Low 


Battery 
Detector 
and R3 and R4 are the LBI input 


divider 
resistors. 
Since 
LBl's 
input 
current 
is no 


more than 
10nA, then 
R3 and R4 can have high 


Dual Mode 5V/Programmable 
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+2Y TO +16V 
v,. 
SENSE 
INPUT 


VOOl 
+1.3 TO +15V 
R3 
OUTPUT 
3 
""AXI"" 
ReL 
R2 
L81 
MAX666 
<03V=ON 
5 
SHON 
VSH 
> 1.4V = OFF 
LOW BATTERY 
R4 
GNO 
LBO 
OUTPUT 


4 
RI 
":" 
":" 


R3 +R4 
":" 


VL08ATT - 1.3OV R4V 


values 
to 
minimize 
loading. 
If, for example, 
VOUT 


were 5V, then a 6V low-battery 
threshold 
could 
be 


set using 
10MO for 
R3 and 2.7MO 
for 
R4. When 


megohm 
resistor 
values are used, special attention 


should 
be paid 
to 
PC board 
leakage 
which 
can 
introduce 
error at the LBI input. 


Temperature-Proportional 
Output 


The 
VTe 
output 
(MAX663 
only) 
has 
a 
positive 


temperature 
coefficient 
of about 
+2.5mVrC. 
When 


connected 
to 
the 
summing 
junction 
of the 
error 
amplifier 
(VSET) through 
a 
resistor, 
this 
positive 
coefficient 
results 
in a controllable 
negative 
tem- 
perature 
coefficient 
at the output 
of the 
MAX663. 
At 25°C the voltage 
at the VTe output 
is typically 
O.9V. Figure 
7 shows 
a simplified 
diagram 
of the 


MAX663 
and 
the 
equations 
for 
setting 
both 
the 


output 
voltage 
and the tempco 
when VTe is used. 
When not used, VTe should be left unconnected. 


Negative 
output 
temperature 
coefficients 
are most 


commonly 
used 
in 
multiplexed 
LCD 
modules 
or 
display 
systems 
to 
compensate 
for 
the 
inherent 


negative tempco of the LCD threshold. Figure 8 shows 
a MAX663 
generating 
a temperature 
compensated 


VDISPfor the Maxim ICM7233 triplexed 
LCD display 
driver. 


Application 
Hints 
Input-Output (Dropout) Voltage 


A regulator's 
minimum 
input-output 
differential, 
or 


dropout 
voltage, determines 
the lowest usable input 


voltage. In battery powered systems this will determine 
the useful 
end-of-life 
battery 
voltage. 
The MAX663 
and 
MAX666 
have a dropout 
voltage 
of 1V at full 
output. This means that as 5V regulators, for example, 
they will provide a regulated 
5V output 
at 40mA as 


long as the input voltage is 6V or greater. 


For 
low 
current 
applications 
(lOUT < 5mA) 
the 


MAX663 can operate 
with 
input-output 
differentials 
below 1V when VOUT1is used. The dropout 
voltage 
will 
then 
depend 
on 
the 
P-channel 
output 
FET's 
saturation 
resistance 
multiplied 
by the load current 


(see MAX663 Electrical Specifications, 
RSAT). 


R 
R2 
R2 
R2 


~ 


1 
VOUl=VSH(I+ii1)+ 
Ii3'VSH-Vtel 


":" 
R3 
R2 


VSH 
- 
VOUl TC VOUl = -Ii3ITC 
VTCIIN mV/·C 


+ 
+ 
+ 
.I: 
iTC 
.I: 
V'" 
_ - 
_- 
WHERE VSH 
- 1.3OV 


- 
- 
V,C -OBV 


TC V,C - 'Z5mVrC 


The MAX664 (negative output) 
uses two N-channel 


FETs as output devices so its dropout 
voltage is also 


a function 
of 
RSAT times 
its 
load 
current 
(see 


Electrical Specifications). 
Output Connections 


When using VOUT1on the MAX663 for low current, 
low dropout 
applications, 
VOUT2and VOUT1must be 


connected 
together since the current limit circuitry 
is 


referenced 
only to VOUT2(Figure 1). VOUT2does not 


supply 
load current 
in this configuration 
since the 


base of the NPN output 
transistor 
is shorted 
by the 


output connection. 
For high current operation VOUT2 


should 
be used alone and VOUT1should 
be left un- 


connected. 
VOUT1is not pro\)ided on the MAX666. On 


the 
MAX664, 
VOUT1 and 
VOUT2 should 
always 
be 


connected 
together 
for proper operation 
and lowest 


dropout voltage. 


Figure 8. Driving a Multiplexed 
LCD Display. Consistent 


operation 
over more than 40° C temperature 
span, as 


opposed to about 10° C with fixed drive voltage, is 
ai/owed by negative temperature 
coefficient 
drive 
voltage to the displays. Based on EPSON LDB-728 
Display or equivaient. 
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Figure 9. Positive Regulator 
With Boosted Output, Current Limit, 


and Low 10Shutdown 


= 
9V 
J- 
COst 
/VI/JXlhl 
1~~ 
ICL7660 


OSC 
CAP- 


GND 


Figure 
T1. ±5V Power Supply Using One 9V Battery 


Bypass Capacitor. 


The MAX66X 
series ot CMOS 
regulators 
is designed 


primarily 
tor 
low quiescent 
current 
battery 
powered 


systems 
and 
has limited 
line and 
load regulation 
at 


frequencies 
above 
10Hz. The high frequency 
perfor- 


mance 
is easily 
improved 
by adding 
an output 
filter 


capacitor 
across 
the 
load. 
lO/LF 
is a good 
typical 


value. 
If high frequency 
performance 
is not an issue 


then an output 
bypass capacitor 
is not required. 


In battery 
powered 
systems 
an input 
capacitor 
helps 


to reduce 
noise, improve 
dynamic 
performance, 
and 


reduce 
the input 
rate-of-rise 
at the regulator's 
input. 


In extreme 
cases excessive 
voltage 
rate-ot-rise 
at the 


inputs 
of CMOS 
devices 
can 
cause 
SCR 
latch-up. 


The low impedance 
of Ni-Cad and Lead-Acid 
batteries 


make this possible 
when they are switched 
directly 
to 


the regulator 
input with no current 
limiting 
resistance, 
inductance, 
or input filtering. 
The addition 
of a O.1/LF 


or greater 
input 
capacitor 
limits the input 
rate-ot-rise 


to a safe level. 


Figure 10. Negative Regulator 
With Boosted Output and Low 


'0 Shutdown 
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+5V 
to±10V 
Voltage Converter 


_______ 
Gener.1 Description 


The 
MAX680 
is a monolithic 
CMOS 
dual 
charge 
pump voltage 
converter 
that provides 
±10V outputs 
from 
an input 
voltage 
of +5V, using 
four 
external 
capacitors. 
The 
MAX680 
provides 
both 
a positive 
step-up 
charge 
pump to develop +10V from the +5V 


input and an inverting 
charge 
pump to generate the 
-10V output. 
The MAX680 includes 
an on-chip 
8kHz 
oscillator 
and all the necessary 
circuitry 
(except the 
four capacitors) 
to produce 
both positive and nega- 


tive voltages from a single positive supply. 


The output 
source 
impedances 
are typically 
1500, 


providing 
useful 
output 
currents 
up to 10mA. The 


low quiescent 
current 
and high efficiency 
make this 
device suitable for a variety of applications 
that need 
both positive and negative voltages generated from a 
single supply. 
__________ 
Appllcations 


The MAX680 can be used wherever a single positive 
supply 
is available 
and 
positive 
and 
negative 
volt- 
ages are required. 
Common 
applications 
include the 
generation 
of ±6V from a 3V battery and generation 
of ±10V from the standard 
+5V logic supply 
for use 
with analog circuitry. 
Typical applications 
include: 


±10V from +5V Logic Supply 


±6V from a 3V Lithium 
Cell 


Handheld 
Instruments 


Battery Operated 
Equipment 


Data Acquisition 
Systems 


Panel Meters 


Operational 
Amplifier 
Power Supplies 


Cl- 
v+ 


C2+ 
N1AXI"'" 
Cl+ 


MAX680 


C2- 
Vcc 


v- 
GND 


• 
95% Voltage Conversion 
Efficiency 


• 
85% Power Conversion 
Efficiency 


• 
Wide Voltage Range: +2.0V to +6.0V 


• 
Only Four External 
Capacitors 
Required 


• 
500~A Supply 
Current 


• 
Monolithic 
CMOS 
Design 


PART 
TEMP. RANGE 
PACKAGE 


MAX680C/D 
O°C to +70°C 
Dice 


MAX680CPA 
O°C to +70°C 
8 Lead Plastic DIP 


MAX680CSA 
O°C to +70°C 
8 Lead Small Outline 


MAX680EPA 
-40°C to +85°C 
8 Lead Plastic DIP 


MAX680EJA 
-40°C to +85°C 
8 Lead CERDIP 


MAX680ESA 
-40°C to +85°C 
8 Lead Small Outline 


MAX680MJA 
-55°C to +125°C 
8 Lead CERDIP 


+5V 


U.F 
+ 


Vec 
III 


Cl+ 


U.F 
v+ 
+IOV 
C\- 
"""AXI""" 


C2' MAX680 
4.7.F 
v- 
-IOV 


C2- 


GND 


U.F 
+ 


GND 
GND 


+5V to ±10V Converter 
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N1AXINI 
is a registered 
trademark 
of Maxim Integrated 
Products. 


Vcc 
+6.2V 


V+ ................................•..•............... 
+12V 


V- 
................................•..•................ 
-12V 


V- Short Circuit 
Duration 
........•..•..•......... 
Continuous 


V+ Current 
.....................•..•..•............... 
7SmA 


Vcc dVidT 
...................•..•..•.................. 
1V1"s 


Storage Temperature 
...................•.... 
-6S·C to +160·C 


Lead Temperature (Soldering, 
10 sec) .,............... 
+300·C 


Power Dissipation 
Plastic DI P (derate 8.33mW/·C above +SO·Cj 
....•... 
62SmW 


Small Outline (derate 6mW/·C above +SO·Cj 
....•... 
4S0mW 


CERDIP (derate 8mW/'C 
above +SO·C) 
800mW 


Stresses above those listed under ''Absolute Maximum 
Ratings" may cause permanent 
damage to the device. These are stress ratings only, and functional 


operation 
of the device at these or any other conditions 
above those indicated in the operational 
sections of the specifications 
is not implied. Exposure to 


absolute maximum 
ratings conditions for extended periods may affect device reliability. 


ELECTRICAL CHARACTERISTICS 
(Vcc = +5V, TA = +25·C, 
test circuit 
figure 
1, unless 
noted) 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN. 
TYP. 
MAX. 
UNITS 


Vcc = 3V, TA= +2S·C, RL = 00 
O.S 
1 


Vcc = SV,TA= +2S·C, RL = 00 
1 
2 
Supply Current 
Ice 
Vcc = SV,O'C $ TA$ +70'C, RL = 00 
2.S 
mA 


Vcc = SV,-40·C $ TA$ +8S·C, RL = 00 
3 


Vcc = SV,-SS'C $ TA$ +12S·C, RL = 00 
3 


Supply Voltage Range 
V+ 
MIN. $ TA$ MAX. 
2.0 
1.St06.0 
6.0 
V 


IL+ = 10mA, IL- = OmA, Vcc = SV,TA= +2S·C 
1S0 
2S0 


IL+ = SmA, IL- = OmA, Vcc = 2.8V, TA= +2S'C 
180 
300 


Positive Charge Pump 
ROUT. 
IL+ = 10mA, IL- = OmA, Vcc = SV, 
Output Source Resistance 
O·C $ TA$ +70·C 
32S 
n 
-40·C $ TA$ +8S·C 
3S0 


-SS·C $ TA$ +12S·C 
400 


IL+ = 10mA, IL- = OmA, V+ = 10V,TA= +2S·C 
90 
1S0 


IL' = SmA, IL- = OmA, V+ = S.6V,TA= +2S·C 
110 
17S 
Negative Charge Pump 
ROUT- 
IL' = 10mA, IL- = OmA, V+ = 10V, 


Output Source Resistance 
O·C $ TA$ +70·C 
200 
n 


-40·C $ TA$ +8S·C 
200 
-SS·C $ TA$ +12S·C 
2S0 


Oscillator 
Frequency 
lose 
4 
8 
kHz 


Power Efficiency 
PEFF 
RL = 10kn 
8S 
% 


Voltage Conversion 
VEFF 
V+,RL=oo 
9S 
99 
% 
Efficiency 
V-, RL = 00 
90 
97 


250 


200 


S 
u 
150 
zc 
:;; 
~ 100 
•...~~ 
•...~ 
c 
50 


0 


2.0 
3.0 
4.0 
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• 
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~ 
•...z 
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+5V to±10V 
Voltage Converter 
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~ 
150 


~ 100 
~=~ 
o~ 
>- 


~ 
50 


5 


OUTPUT CURRENT1mAI 
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o 


-50 
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- 
Detailed 
Description 


All 
the 
circuitry 
needed 
to 
implement 
a voltage 


quadrupler 
is contained 
in the MAX680. Only four 


external 
capacitors 
are needed. These may be inex- 


pensive polarized 
electrolytic 
capacitors 
with values 


in the range of 0.1!-,Fto 100!-,F. 


Figure 
2A illustrates 
the idealized 
operation 
of the 


positive 
voltage 
converter. 
The 
on-chip 
oscillator 


generates 
a 50% duty cycle clock signal. During the 


first half of the cycle, switches 
S2 and S4 are open, 
switches 
S1 and S3 are closed, and the capacitor 
C1 


is charged 
to 
the 
input 
voltage 
Vcc. 
During 
the 


second 
half cycle, switches 
S1 and S3 are open, S2 


and S4 are closed, and the capacitor 
C1 is translated 


upward 
by Vcc volts. Assuming 
ideal switches 
and 


no load on C3, charge 
is transferred 
onto C3 from 


C1 such that the voltage 
on C3 will be 2Vcc, gene- 


rating the positive supply. 


Figure 
28 
illustrates 
the 
negative 
converter. 
The 


switches 
of the negative converter 
are out of phase 


from the positive 
converter. 
During 
the second 
half 


of the clock 
cycle, S6 and S8 are open, S5 and S7 


are closed, thus charging 
C2 from V+ (pumped up to 


2Vcc 
by the positive 
charge 
pump) 
to GND. In the 


first half of the clock cycle, S5 and S7 are open, S6 
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aod S8 are closed, 
and the charge 
on C2 is trans- 


ferred 
to C4, generating 
the 
negative 
supply. 
The 


eight switches are CMOS power MOSFETs. Switches 
S1, S2, S4 and 
S5 
are 
P-channel 
devices 
while 


switches S3, S6, S7, and S8 are N-channel 
devices. 


+5V 
to±10V 
Voltage Converter 
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---- 
Efficiency 
Considerations 


Theoretically 
a charge 
pump voltage 
multiplier 
can 
approach 
100% efficiency 
under the following 
condi- 
tions: 


• The charge pump switches 
have virtually 
no offset 


and extremely 
low on resistance 


• 
Minimal 
power is consumed 
by the drive circuitry 


• The impedances 
of the reservoir and pump capaci- 
tors are negligible 


For the MAX680, the energy 
loss per clock 
cycle 
is 
the sum of the energy loss in the positive and nega- 
tive converters 
as below: 


LossToT = Losspos + LOSSNEG 
= 'hC1[(V+)2 - 2(V+)(Vccll 
+ 


'hC2[(V+)2 - (V-)~l 


There will be a substantial 
voltage difference 
between 


(V+ - 
Vcc) 
and 
Vcc 
for 
the 
positive 
pump 
and 
between 
V 
and V- if the impedances 
of the pump 
capacitors 
C1 and C2 are high with respect to their 


respective output loads. 


Larger values of reservoir capacitors 
C3 and C4 will 


reduce 
output 
ripple. 
Larger 
values 
of both 
pump 
and reservoir capacitors 
improve the efficiency. 


---- 
Maximum 
Operating 
Limits 


The 
MAX680 
has on-chip 
zener diodes 
that 
clamp 
Vcc 
to approximately 
6.2V, V+ to 12.4V, and V- to . 


-12.4V. Never exceed the maximum 
supply voltage or 
excessive 
current 
may be shunted 
by these diodes, 


potentially 
damaging 
the 
chip. 
The 
MAX680 
will 
operate over the entire operating 
temperature 
range 
with an input voltage of 2V to 6V. 


__________ 
Appllcatlons 


Positive and Negative Conve,te, 


The most common 
application 
of the MAX680 is as a 


dual charge 
pump voltage converter 
which 
provides 


positive and negative outputs 
of two times a positive 


input voltage. The simple 
circuit 
of Figure 3 shows 


that 
only 
four 
external 
components 
are 
needed, 


capacitors 
C1"and C3 for the positive pump and C2 


and C4 for the negative pump. In most applications 
all four capacitors are low-cost 10ltF or 22ltF polarized 
electrolytics. 
For applications 
where PC board space 


is at a premium 
and low currents 
are being 
drawn 
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n.F 
~ 
1 Cl- 
v- 8 
I 
Cl- 
V-OUT 
Q» 
2 C2- 
CI- 
T 
2 C2- 
a 
n.F 
3 C2- 
6 
n.F 
3 C2- 
Vcc 
Vcc IN 


4 
V- 
GNO 5 
4 
V- 


A'! A XlA'! 
A'!AXIA'! 
MAX680 
MAX680 


from 
the 
MAX680, 
1~F reservoir 
capacitors 
may 
be 
used for the pump capacitors 
C1 and C2, with 4.7~F 
reservoir 
capacitors 
C3 and C4. Capacitors 
C1 and 
C3 must be rated at 6V or greater, and capacitors 
C2 
and C4 must be rated at 12V or greater. 


The MAX680 
is NOT a voltage 
regulator; 
the output 
source 
resistance 
of either 
charge 
pump 
is approxi- 
mately 150 ohms at room temperature 
with Vcc at 5V. 


This means that with an input 
Vcc of 5V, under 
light 
load V+ will 
approach 
+10V and V- will 
be at -10V, 
but BOTH V+ and V- will droop 
towards 
GND as the 
current 
drawn from EITHER V+ or V- increases, 
since 
the negative 
converter 
draws its power from 
the out- 
put of the 
positive 
converter. 
To predict 
the 
output 
voltages, 
treat 
the 
chip 
as two 
separate 
converters 
and analyze 
them 
separately. 
First, the droop 
of the 
negative 
supply 
(VOROP-) equals 
the current 
drawn 
from 
V- 
- 
(IL-) 
times 
the 
source 
resistance 
of the 
negative converter 
(RS-): 


VOROP- = IL- x RS- 


Likewise, 
the droop 
of the positive 
supply 
(VOROP+) 
equals 
the 
current 
drawn 
from 
the 
positive 
supply 
(IL+) times the source 
resistance 
of the positive 
con- 
verter 
(RS+), except 
that the current 
drawn 
from 
the 
positive 
supply 
is the sum 
of the current 
drawn 
by 
the load on the positive 
supply 
(IL+) plus the current 
drawn 
by the negative converter 
(IL-): 


VOROP+= IL+ x RS+ = (IL+ + IL-) x RS+ 


The positive output 
voltage will be: 


V+ = 2Vcc - VOROP+ 


The negative output 
voltage will be: 


V- = -(V+ - VOROP)= -(2Vcc 
- VOROP+- VOROP-) 


The 
positive 
and negative 
charge 
pumps 
are tested 
and 
specified 
separately 
to 
provide 
the 
separate 
values 
of 
output 
source 
resistance 
for 
use 
in the 
above 
formulas. 
When 
the 
positive 
charge 
pump 
is 


tested, 
the 
negative 
charge 
pump 
is unloaded, 
and 
when the negative charge pump is tested, the positive 
supply 
V+ is from 
an external 
source, 
isolating 
the 
negative charge 
pump. 


The ripple 
voltage 
on either output 
can be calculated 
by noting 
that the current 
drawn 
from 
the output 
is 
supplied 
by the reservoir 
capacitor 
alone during 
one 
half cycle of the clock. This results in a ripple of: 


VRIPPLE= 'hIOUT (1/fpUMP) (1/CR) 


For the 
nominal 
fpUMP of 8kHz 
with 
10~F reservoir 
capacitors, 
the ripple 
will be 30mV with 
lOUT at 5mA. 


Remember 
that in most applications, 
the lOUT of the 
positive 
charge 
pump 
is the load 
current 
PLUS the 
current 
taken by the negative 
charge 
pump. 
•• 
Paralleling 
Del/Ieee 
~ 


Paralleling 
multiple 
MAX680s 
reduces 
the output 
re- 


sistance 
of both the positive 
and negative 
converters. 


The 
effective 
output 
resistance 
is the output 
resist- 
ance 
of a single 
device 
divided 
by the 
number 
of 
devices. 
As 
illustrated 
in 
Figure 
4, 
each 
MAX680 
requires 
separate 
pump capacitors 
C1 and C2, but all 
can share a single set of reservoir 
capacitors. 


±5V Regulated Supplies From 
A Single 3V Battery 


Figure 
5 shows 
a complete 
±5V power 
supply 
usin~ 
one 
3V 
battery. 
The 
MAX680 
provides 
+6V at 
V 
which 
is regulated 
to +5V by the 
MAX666 
and -6V 


which 
is 
regulated 
to 
-5V 
by 
the 
MAX664. 
The 
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MAX666 and MAX664 are pre-trimmed 
at wafer sort 
and require no external setting resistors, minimizing 
parts count. The combined 
quiescent 
current of the 
MAX680, MAX663, and MAX664 is less than 500llA, 
while the output current capability 
is 5mA. The input 
to the MAX680 can vary from 3V to 6V without affect- 
ing regulation appreciably. With higher input voltage, 
more current 
can be drawn from the outputs 
of the 


MAX680. 
With 
5V at 
Vcc, 
10mA 
can 
be 
drawn 
from both regulated outputs simultaneously. Assuming 
150 ohm source resistance for both converters, with 
(IL+ + IL-) = 20mA, the positive 
charge 
pump 
will 
droop 3V,providing +7V for the negative charge pump. 
The negative charge pump will droop 
another 
1.5V 
due to its 10mA load, leaving -5.5V at V-, sufficient to 
maintain regulation for the MAX664 at this current. 


________ 
General Description 


The MAX690 
Family of supervisory 
circuits 
reduce the 
complexity 
and 
number 
of components 
required 
for 
power supply monitoring and battery control functions in 
microprocessor 
systems. 
These 
include flP 
reset and 
backup-battery 
switchover, 
watchdog 
timer, 
CMOS 
RAM write 
protection, 
and power-failure 
warning. 
The 
MAX690 Family significantly 
improves 
system reliability 
and accuracy compared to that obtainable with separate 
ICs or discrete 
components. 


The MAX690, 
MAX692 
and MAX694 
are supplied 
in 
8-pin packages 
and provide four functions: 
1) A Reset 
output 
during 
power-up, 
power-down 
and 
brownout 
conditions. 
2) Battery 
backup 
switching 
for CMOS 
RAM, 
CMOS 
microprocessor 
or other low power logic. 


3) A Reset pulse if the optional watchdog 
timer has not 
been toggled 
within a specified 
time. 
4) A 1.3V threshold 
detector 
for power fail warning, low 
battery detection, 
or to monitor a power supply other 
than +5V. 


The 
MAX691, 
MAX693 
and 
MAX695 
are supplied 
in 
16-pin 
packages 
and 
perform 
all 
MAX690/692 
functions, 
plus: 
1) Write protection 
of CMOS RAM or EEPROM. 
2) Adjustable 
reset and watchdog 
timeout 
periods. 
3) Separate 
outputs 
for indicating 
a watchdog 
timeout, 
backup-battery 
switchover, 
and low Vcc. 
___________ 
Applications 


Computers 
Controllers 
Intelligent 
Instruments 
Automotive 
Systems 
Critical flP Power Monitoring 


_________ 
Pin Configuration 


Vim 
' 


Vour 
2 


Vee 
3 


GND 
• 


BATT ON 
5 


LOW LINE 
• 


OSt IN 
7 
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_____________ 
Features 


• 
Precision Voltage 
Monitor 
4.65V in MAX690, MAX691, MAX694 and MAX695 
4.40V in MAX692 
and MAX693 


• 
Power 
OK/Reset 
Time 
Delay 
- 
50, 
200ms, 
or 
adjustable 


• 
Watchdog 
Timer - 100ms, 1.6 see, or 
adjustable 


• 
Minimum Component 
Count 


• 
111AStandby 
Current 


• 
Battery 
Backup Power Switching 


• 
Onboard 
Gating of Chip Enable Signals 


• 
Voltage 
Monitor 
for Power 
Fail or Low Battery 
Warning 


PART 
TEMP. 
RANGE 
PACKAGE 
MAX690CPA 
O'C to +70'C 
8 Lead Plastic DIP 
MAX690EPA 
-40'C 
to +85'C 
8 Lead Plastic DIP 
MAX690EJA 
-40'C 
to +85'C 
8 Lead CERDIP 
MAX690MJA 
-55'Cto 
+125'C 
8 Lead CERDIP 
MAX691C/D 
O'C to +70'C 
Dice 
MAX691CPE 
O'C to +70'C 
16 Lead Plastic DIP 
MAX691CWE 
O'C to +70'C 
16 Lead Wide SO 
MAX691EPE 
-40'C 
to +85'C 
16 Lead Plastic DIP 
MAX691EJE 
-40'C 
to +85'C 
16 Lead CERDIP 
MAX691 EWE 
-40'C 
to +85'C 
16 Lead Wide SO 
MAX691MJE 
-55'Cto 
+125'C 
16 Lead CERDIP 


Microprocessor 
Supervisory Circuits 


ABSOLUTE 
MAXIMUM 
RATINGS 


Terminal Voltage (with respect to GND) 
Vcc 
-0.3V 
to 6.0V 
VBATT 
-0.3V 
to 6.0V 
All Other Inputs (Note 1) .. 
-0.3V 
to (VOUT +0.5V) 
Input Current 
Vcc 
200mA 
VBATT 
50mA 
GND 
20mA 
Output Current 
VOUT 
short circuit protected 
All Other Outputs 
20mA 
Rate-of-Rise, 
VBATT,Vcc 
100V/f.ls 
Operating 
Temperature 
Range 
C suffix 
O"C to + 70"C 
E suffix 
-40"C 
to +85"C 
M suffix 
-55"C 
to +125"C 


Power Dissipation 
8 Pin Plastic DIP 
(Derate 5mW I"C above 
+ 70"C) 
400mW 
8 Pin CERDIP 
(Derate 8mWI"C 
above 
+85°C) 
500mW 


16 Pin Plastic DIP 
(Derate 7mW I"C above 
+ 70"C) 
600mW 
16 Pin Small Outline 
(Derate 7mW I"C above 
+ 70"C) 
600mW 
16 Pin CERDIP 
(Derate 10mWI"C 
above 
+85"C) 
600mW 
Storage Temperature 
Range 
..... 
-65"C 
to +160"C 


Lead Temperature 
(Soldering, 
10 seconds) 
.... 
300"C 


Stresses 
above 
those listed under 
''Absolute 
Maximum 
Ratings" 
may cause 
permanent 
damage 
to the device. 
These 
are stress ratings 
only, and functional 
operation 
Df the device 
at these 
or any other 
conditions 
above 
those indicated 
in the operational 
sections 
of the specifications 
is not implied. 
Exposure 
to 


absolute 
maximum 
ratings 
conditions 
for extended 
periods 
may affect 
device 
reliability. 


ELECTRICAL 
CHARACTERISTICS 
(Vcc = full operating 
range, VSATT = 2.8V, TA = 25°C, unless otherwise 
noted.) 


PARAMETER 
CONDITIONS 
I 
MIN 
TYP 
MAX 
UNITS 


BATTERY 
BACKUP 
SWITCHING 


Operating Voltage Range 
MAX690, MAX691, MAX694, MAX695 Vcc 
4.75 
5.5 


MAX690, MAX691, MAX694, MAX695 VSATT 
2.0 
4.25 
V 
MAX692, MAX693 Vcc 
4.5 
5.5 
MAX692, MAX693 VSATT 
2.0 
4.0 


VOUTOutput Voltage 
lOUT= 1mA 
Vcc-0.1 
Vcc-0.3 
V 
lOUT= 50mA 
Vcc-0.25 
Vcc-0.5 


VOUTin Battery Backup Mode 
lOUT= 100J'A, VCC<VSATT-0.2V 
VSATT-0.1, VSATT-0.02 
V 


Supply Current (excludes lOUT) 
lOUT= 1mA 
2 
5 
mA 
lOUT= 50mA 
3.5 
15 


Supply Current in Battery Backup Mode 
Vcc = OV,VSATT= 2.8V 
0.6 
1 
J'A 


5.5V> Vcc> VSATT+0.2V 
Battery Standby Current 
TA = 25°C 
-0.1 
+0.02 
J'A 


(+ = Discharge, - = Charge) 
TA = Full Operating Range 
-1.0 
+0.02 


Battery Switchover Threshold 
Power Up 
70 
mV 
Vcc - 
VSATT 
Power Down 
50 


Battery Switchover Hysteresis 
20 
mV 


BAn 
ON Output Voltage 
IS1NK = 3.2mA 
0.4 
V 


BAn 
ON Output Short 
BAn 
ON = VOUT 
25 
mA 
Circuit Current 
BAn 
ON = OV 
0.5 
1 
25 
J'A 


RESET 
AND WATCHDOG 
TIMER 


TA = Full Operating Range 
Reset Voltage Threshold 
MAX690, MAX691, MAX694, MAX695 
4.5 
4.65 
4.75 
V 
MAX692, MAX693 
4.25 
4.4 
4.5 
V 


Microprocessor 


Supervisory Circuits 


ELECTRICAL 
CHARACTERISTICS 
(continued) 
(Vcc = full operating 
range, VSATT = 2.8V, TA = 25°C, unless otherwise 
noted.) 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Reset Threshold Hysteresis 
40 
mV 


Reset Timeout Delay (MAX690/91 192/93) 
Figure 6. OSC SEL HIGH, Vcc = 5V 
35 
50 
70 
ms 


Reset Timeout Delay (MAX694/95) 
Figure 6. OSC SEL HIGH, Vcc = 5V 
140 
200 
280 
ms 


Watchdog Timeout Period, Internal Oscillator 
Long Period, Vcc = 5V 
1.0 
1.6 
2.25 
sec 
Short Period, Vcc = 5V 
70 
100 
140 
ms 


Watchdog Timeout Period, External Clock 
Long Period 
3840 
4097 
Clock 
Short Period 
768 
1025 
Cycles 


Minimum WDI Input Pulse Width 
V,L = 0.4, V,H = 3.5V 
200 
ns 


RESET and LOW LINE Output Voltage 
IS1NK= 1.6mA, Vcc = 4.25V 
0.4 
V 
ISOURCE= 111A,Vcc = 5V 
3.5 


RESET and WDO Output Voltage 
IS1NK= 1.6mA 
0.4 
V 
ISOURCE= 111A,Vcc = 5V 
3.5 


Output Short Circuit Current 
RESET, RESET, WDO, LOW LINE 
1 
3 
25 
I1A 


WDI Input Threshold 
Vcc = 5V (Note 2) 
Logic Low 
0.8 
V 
Logic High 
3.5 


WDI Input current 
WDI = Your 
20 
50 
I1A 
WDI = OV 
-50 
-15 


POWER 
FAIL DETECTOR 


PFI Input Threshold 
Vcc = +5V, TA = Full 
1.2 
1.3 
1.4 
V 


PFI Input Current 
±0.01 
±25 
nA 


PFO Output Voltage 
IS1NK= 3.2mA 
0.4 
V 
ISOURCE= 111A 
3.5 
V 


PFO Short Circuit Source Current 
PFI = OV, PFO = OV 
1 
3 
25 
I1A 


CHIP ENABLE 
GATING 


CE IN Thresholds 
V,L 
0.8 
V 
V,H 
3.0 


CE IN Pullup Current 
3 
I1A 


IS1NK= 3.2mA 
0.4 


CE OUT Output Voltage 
ISOURCE= 3.0mA 
Vour-1.5 
V 


ISOURCE= 111A,Vcc = OV 
Vour-0.05 


CE Propagation Delay 
Vcc = 5V 
50 
200 
ns 


OSCILLATOR 


OSC IN Input Current 
±2 
I1A 


OSC SEL Input Pullup Current 
5 
I1A 


OSC IN Frequency Range 
OSC SEL = OV 
0 
250 
kHz 


OSC IN Frequency 
OSC SEL = OV 
kHz 
with External Capacitor 
Cosc = 47pF 
4 


Note 1: The input voltage limits on PFI and WDI may be exceeded provided the input current is limited to less than 10mA. 
Note 2: WDI is guaranteed to be in the mid-level (inactive) state if WDI is floating and Vcc is in the operating voltage range. WDI is internally biased 
to 38% of Vcc with an impedance of approximately 125 kilohms. 
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PIN 


NAME 
MAX690/692/694 
MAX691/693/695 
FUNCTION 


Vee 
2 
3 
The +5V input. 


VSATT 
8 
1 
Backup 
battery 
input. Connect 
to Ground 
if a backup 
battery 
is not used. 


VOUT 
1 
2 
The higher of Vcc orVSATT is internally switched 
to VOUT. Connect 
VOUT to Vee if 


VOUT and VSATT are not used. 


GNO 
3 
4 
OV Ground 
reference 
for all signals. 


RESET 
7 
15 
RESET goes low whenever 
Vee falls below either the reset voltage 
threshold 
or 


the 
VSATT input 
voltage. 
The 
reset 
threshold 
is 
typically 
4.65V 
for 
the 


MAX690/691/694/695, 
and 
4.4V 
for 
the 
MAX692 
and 
MAX693. 
RESET 


remains 
low for 50 ms after Vcc returns to 5V, (except 200 ms in MAX694/695). 


RESET also goes low for 50 ms if the Watchdog 
Timer is enabled but not serviced 


within its timeout 
period. The RESET pulse width can be adjusted 
as shown 
in 


Table 1. 


WOI 
6 
11 
The watchdog 
input, WOI, is a three level input. If WOI remains either ~or 
low 


for longer than the watchdog 
timeout 
period, RESET pulses low and WOO goes 
low. The Watchdog 
Timer 
is disabled 
when WOI is left floating 
or is driven 
to 


mid-supply. 
The timer resets with each transition 
at the Watchdog 
Timer Input. 


PFI 
4 
9 
PFI is the non-inverting 
input to the Power Fail Comparator. 
When PFI is less than 


1.3V, PFO goes low. connect 
PFI to GNO or VOUTwhen not used. See Figure 1. 


PFO 
5 
10 
PFO is the output of the Power Fail Com~tor. 
It goes low when PFI is less than 


1.3V. The comparator 
is turned off and PFO goes low when Vee is below VSATT- 


CEIN 
- 
13 
The input to the CE gating circuit. Connect 
to GNO or VOUT if not used. 


CE OUT 
- 
12 
CE OUT goes low only when CE IN is low and Vee is above the reset threshold 
(4.65V for MAX691 
and MAX695, 
4.4V for MAX693). 
See Figure 6. 


BATTON 
- 
5 
BATT ON goes high when VOUT is internally 
switched 
to the VSATT input. It goes 


low when VOUT is internally 
switched 
to Vee. The output typically 
sinks 7mA and 


can directly drive the base of an external 
PNP transistor 
to increase 
the output 


current 
above the 100mA rating of VOUT. 


LOW LINE 
- 
6 
LOW LINE goes low when Vec falls below the reset threshold. 
It returns high as 


soon as Vce rises above the reset threshold. 
See Figure 6, Reset Timing. 


RESET 
- 
16 
RESET is an active high output. 
It is the inverse of RESET. 


OSC SEL 
- 
8 
When OSC SEL is unconnected 
or driven 
high, the internal 
oscillator 
sets the 


reset 
time 
delay 
and watchdog 
timeout 
period. 
When 
OSC 
SEL 
is low, the 


external 
oscillator 
input, OSC IN, is enabled. 
OSC SEL has a 3p.A internal pullup. 


See Table 1. 


OSCIN 
- 
7 
OSC IN sets the Reset delay timing and Watchdog 
timeout period when OSC SEL 


floats or is driven low. The liming can also be adjusted 
by connecting 
an external 


capacitor 
to this pin. See Figure 8. When 
OSC SEL is high, OSC IN selects 


between 
fast and slow Watchdog 
timeout 
periods. 


WOO 
- 
14 
The Watchdog 
Output, WOO, goes low if WOI remains either high or low for longer 


than the Watchdog 
timeout period. WOO is set high by the next transition 
at WDI. 


If WOI is unconnected 
or at mid-supply, 
WOO remains high. WOO also goes high 


when LOW LINE goes low. 


_______ 
Typical Applications 


ItfAX691, 
ItfAX693 
and ItfAX695 


A typical connection 
for the MAX691 /693/695 
is shown 
in Figure 1. CMOS RAM is powered from VOUT.VOUT is 
internally 
connected 
to Vcc when 5V power is present, 


or to VSATTwhen Vcc is less than the battery voltage. 
VOUTcan supply 100mA from Vcc, but if more current is 
required, 
an external 
PNP transistor 
can 
be added. 


When Vcc is higher than VSATT, the BAn 
ON output 
goes low, providing 
7mA of base drive for the external 


transistor. 
When Vcc is lower than VSATT, an internal 
500n 
MOSFET 
connects 
the backup 
battery to VOUT. 


The quiescent current in the battery backup mode is 1fLA 
maximum when Vcc is between OV and VSATT-700mV. 


Reset Output 


8....YQ!lilge detector 
monitors 
Vcc 
and 
ge~s 
a 
RESET output to hold the microprocessor's 
Reset line 


low when Vcc 
is below 4.~4V 
for MAX693). 
An 


internal 
monostable 
holds RESET low for 50ms· 
after 


Vcc rises above 4.65V (4.4V for MAX693). This prevents 
repeated toggling of RESET even if the 5V power drops 
out and recovers 
with each power line cycle. 


The crystal 
oscillator 
normally 
used to generate 
the 


clock for microprocessors 
takes several milliseconds 
to 


start. Since most~rocessors 
need several clock 


cycles 
to reset, 
RESET 
must 
be held 
low 
until 
the 


microprocessor 
clock 
oscillator 
has 
started. 
The 


'200ms 
for MAX695 


+5V 
Vcc 
INPUT 
O.lI'F 
J: 
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MAX690 Family power-up RESET pulse lasts 50ms· 
to 


allow for this oscillator 
start-up time. The manual reset 


switch and the 0.1fLF capacitor 
connected 
to the reset 


bus can be omitted 
if manual 
reset is not needed. 
An 
inverted, active high, RESET output is also supplied. 


Power Fail Detector 


The MAX691/93/95 
issues 
a non-maskable 
interrupt 


(NMI) 
to 
the 
microprocessor 
when 
a power 
failure 


occurs. 
The + 5V 
power 
line 
is monitored 
via 
two 


external 
resistors 
connected 
to the 
Power 
Fail Input 


(PFI). When 
the vol!gge 
at PFI falls 
below 
1.3V, the 


Power 
Fail Output 
(PFO) drives 
the processor's 
NMI 
input low. If a Power Fail threshold of 4.8V is chosen, the 
microprocessor 
will have the time when Vcc fails from 


4.8V to 4.65V to save data into RAM. An earlier power 
fail warning 
can be generated 
if the unregulated 
DC 


input of the 5V regulator 
is available 
for monitoring. 


RAM Write Protection 


The MAX691 /93/95 
CE Oill 
line drives th~hip 
Select 


inputs of the CMOS RAM. CE OUT follows CE IN as long 
as Vcc 
is above 
the 4.65V 
(4.4V for MAX69~reset 


threshold. 
If Vcc falls below the reset thresho.!Q..CE OUT 


goes high, independent 
of the logic level at CE IN. This 


prevents 
the 
microprocessor 
from 
writing 
erroneous 


data 
into 
RAM 
during 
power-up, 
power-down, 


brownouts, 
and 
momentary 
power 
interruptions. 
The 


LOW LINE output goes low when Vcc falls below 4.65V 
(4.4V for MAX693). 


----~------------ 


I 
I, 
15 
3 


Vcc 
VBm 


PFI 


_AXI_ 


-=- 
MAX691 


GND 
MAX693 
MAX695 
-=- 
7 


NO CONNECTION 
OSC IN 


8 
OSC SEL 


WDI 
_10 
PFO 


RESET 
15 


RESET 
~ J~11'f 


NMI 


RESET 
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Watchdog 
Timer 


The 
microprocessor 
drives 
the 
WATCHDOG 
INPUT 


(WDI) with an I/O line. When OSC IN and OSC SEL are 
unconnected, 
the microprocessor 
must toggle the WDI 
pin on?e every 
1.6 seconds 
to verify proper 
software 


execution. 
If a hardware or software failure occurs such 
that WDI not toggled, the MAX691 /93 will issue a 50ms' 
RESET pulse after 1.6 seconds. 
This typically 
restarts 
the microprocessor's 
power-up 
routine. A new RESET 
pulse is issued 
every 
1.6 seconds 
until WDI is again 


strobed. 


The 
WATCHDOG 
OUTPUT 
(WDO) 
goes 
low 
if the 
watchQQgJimer is not serviced within its timeout period. 
Once WDO goes low it remains 
low until a transition 
occurs 
at WDI. 
The watchdog 
timer 
feature 
can 
be 
disabled by leaving WDI unconnected. 
OSC IN and OSC 
SEL also allow other watchdog timing options. as shown 
In Table 1 and Figure 8. 


MAX690, 
MAX692 
and MAX694 


The 8 pin MAX690, MAX692 and MAX694 have most of 
the features 
of the 
MAX691, 
MAX693 
and 
MAX695. 


Figure 
2 
shows 
the 
MAX690/692/694 
in a typical 


application. 
Operation 
IS much the same 
as with the 


MAX691/693/695 
(Figure 1) but in this case the Power 


Fail Input (PFI) monitors 
the unregulated 
input to the 


7805 regulator. The MAX690/694 
RESET output goes 


low when Vcc falls below 4.65V. The RESET output of 
the MAX692 goes low when Vcc drops below 4.4V. 


The 
current 
consumption 
of 
the 
battery-backed-up 


power 
bus 
must 
be 
less 
than 
100mA. 
The 


MAX690/692/694 
does not have a BAn 
ON output to 


drive an external 
transistor. 
The MAX690/92/94 
also 


does 
not include 
chip 
enable 
gating 
circuitry 
that 
is 


availablEL,9n 
the 
MAX691/93/95. 
In 
many 
systems 


though, CE gating is not needed since a low input to the 
microprocessor 
RESET 
line 
prevents 
the 
processor 


from writing 
to RAM during power-up 
and power-down 


transients. 


The 
MAX690/92/94 
watchdog 
timer 
has a fixed 
1.6 


second timeout period. If WDI remains either low or high 
for more than 1.6 seconds, a RESET pulse is sent to the 
microprocessor. 
The watchdog timer is disabled if WDI is 


left floating. 
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Figure 
2. MAX69016921694 
Typical Application 
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/"'I/JXI/"'I 


_______ 
Detailed Description 


Battery-Switchover 
and VOUT 


The 
battery 
switchover 
circuit 
compares 
Vcc 
to the 
VSATTinput, and connects 
VOUTto whichever 
is higher. 


Switchover 
occurs 
when 
Vcc 
is 50mV 
greater 
than 
VSATT as Vcc falls, and when Vcc is 70mV more than 
VSATT as Vcc 
rises 
(see 
Figure 
4). The 
switchover 


comparator 
has 
20mV 
of 
hysteresis 
to 
prevent 
repeated, 
rapid 
switching 
if Vcc 
falls 
very 
slowly 
or 
remains nearly equal to the battery voltage. 


When 
Vcc 
is 
higher 
than 
VSATT, Vcc 
is 
internally 
switched 
to VOUT via a low saturation 
PNP transistor. 


VOUT has 100mA output current capability 
and thermal 
shutdown 
short circuit protection. 
Use an external 
PNP 
pass transistor 
in parallel with internal 
transistor 
if the 
output current requirement 
at VOUTexceeds 100mA or if 
a lower VCC-VOUT voltage 
differential 
is desired. 
The 
BAn 
ON output 
(MAX691/693/695 
only) can directly 
drive the base of the external transistor. 


It should 
be noted that the MAX690/91/92/93/94/95 
need 
only 
supply 
the average 
current 
drawn 
by the 


CMOS 
RAM if there 
is adequate 
filtering. 
Many RAM 
data sheets 
specify a 75mA maximum 
supply current, 


but this peak current 
spike lasts only 100ns. A 0.1flF 
bypass 
capacitor 
at 
VOUT 
supplies 
the 
high 


instantaneous 
current, while VOUTneed only supply the 
average load current, which is much less. A capacitance 
of 0.1JlF or greater 
must be connected 
to the VOUT 
terminal to ensure stability. 


A 500 ohm MOSFET connects 
the VSATTinput to VOUT 


TIME BASE 
FOR RESET 
AND 
WATCHDOG 


Microprocessor 


Supervisory Circuits 


during battery backup. This MOSFET has very low input- 
to-output differential 
(dropout voltage) at the low current 


levels 
required 
for battery 
backup 
of CMOS 
RAM or 


other 
low 
power 
CMOS 
circuitry. 
When 
Vcc 
equals 


VSATTthe supply current is typically 12JlA. When Vcc is 
between 
OV and 
(VSATT- 700mV) 
the 
typical 
supply 


current is only 600nA typical, 1JlA maximum. 


The 
MAX690/691/694/695 
operates 
with 
battery 


voltages 
from 
2.0V to 4.25V 
while 
the 
MAX692/693 
operates 
with battery voltages 
from 2.0V to 4.0V. High 


value 
capacitors, 
either 
standard 
electrolytic 
or the 


farad-size double layer capacitors, 
can also be used for 


short-term 
memory 
backup. 
The charging 
resistor 
for 


both capacitors 
and rechargeable 
batteries 
should 
be 


connected 
to VOUT since this eliminates 
the discharge 


path that exists if the resistor is connected 
to Vcc. 


A small charging 
current 
of typically 
10nA (5JlA max) 


flows out of the VSATTterminal. This current varies with 
the amount 
of current that is drawn from VOUT but its 


polarity is such that the backup battery is always slightly 
charged, 
and is never 
discharged 
while 
Vcc 
is in its 


operating 
voltage 
range. This extends 
the shelf life of 


the 
backup 
battery 
by 
compensating 
for 
its 
self- 
discharge 
current. Also note that this current poses no 


problem 
when 
lithium 
batteries 
are used 
for backup 


since the maximum 
charging 
currern 
(5JlA) is safe for 


even the smallest 
lithium cells. 


If the battery-switch over section 
is not used, connect 


VSATTto GND and connect VOUTto Vcc. Table 2 shows 
the state 
of the 
inputs 
and output 
in the 
low power 


battery backup mode. 


12 
6 
CHIP 
ENABLE 
OUTPUT 


LOW LINE 


15 
RESET 
16 


Microprocessor 
Supervisory Circuits 


-----------------------------, 
it< 
TO CMOS 
RAM AND 
REALTIME 
CLOCK 
Vee IN 


LOW 10 MODE 


SELECT 


Reset Output 


RESET is an active low output which goes low whenever 
Vcc falls below 4.5V (MAX690/691/694/695) 
or 4.25V 


(MAX692/693). 
It will remain low until Vcc rises above 


4.75V (MAX690/691/694/695) 
or 4.5V (MAX692/693) 


for 50 milliseconds·. 
See Figures 5 and 6. 


The guaranteed minimum and maximum thresholds of 
the MAX690/691/694/695 
are 4.5V and 4.75V, while 


the 
guaranteed 
thresholds 
of the 
MAX692/693 
are 


4.25V 
and 
4.5V. 
The 
MAX690/691/694/695 
is 


compatible 
with 
5V supplies 
with 
a 
+10%, 
-5% 
tolerance 
while the MAX692/693 
is compatible 
with 


5V±10% 
supplies. The reset threshold comparator has 
approximately 
50mV 
of 
hysteresis, 
with 
a nominal 
threshold of 4.65V in the MAX690/691/694/695, 
and 


4.4V in the MAX692/693. 


The response time of the reset voltage comparator is 
about WOtts. Vcc should b~sed 
to ensure that 
glitches do not activate the RESET output. 


RESET also goes low if the Watchdog Timer is enabled 
and WDI remains either ~ 
low longer than the 
watchdog timeout period. RESET has an internal 3ttA 
pullup, and can either connect 
to an open collector 
Reset bus or directly drive a CMOS gate without an 
external pullup resistor. 


'200ms 
for MAX694 and MAX695 


I°.1I'F 


BATT ON 


IMAX691. 
MAX693. 
MAX695 
ONLY] 


INTERNAL 
SHUTDOWN 
SIGNAL 
WHEN 
VBATr > Vee + O.7V 


CE Gating and RAM Write Protection 
The MAX691, MAX693 an...Q...MAX695use two pins to 
control the Chip EnaJiliJor Write inputs of CMOS RA~ 
When Vcc is +5V, CE OUT is a buffered replica of CE 
IN, with a 50ns propagation 
delay. If Vcc input falls 


below 4.65V (4.5V min, 4.75V max) an ~rnal 
gate 


forces 
CLOUT 
high, 
independent 
of 
CE 
IN. The 


MAX693 CE OUT goes high whenfter 
Vcc is below 


4.4V (4.25V min, 4.5V max). The CE output of both 
devices is also forced high when Vcc is less than VSATT. 
(See Figure 5.) 


CE OUT typically drives the CE, CS, or Write input of 
battery 
backed 
up CMOS 
RAM. 
This 
ensures 
the 


integrity of the data in memory by preventing 
write 


operations 
when 
Vcc 
is at an invalid 
level. Similar 


Q[Qtection of EEPROMs ~e 
ac~d 
by using the 


CE OUT to drive the 
Store 
or Write 
inputs 
of an 


EEPROM,EAROM,orNOVRAM. 


If the 50ns typ@1 propagation delay of CE OUT is tQQ 
long, connect CE IN to GND and use the resulting CE 
OUT to control 
a high speed external 
logic gate. A 


secQillj alternative is to AND the LOW LINE output with 
the CE or WR signal. An external logic gate and the 
RESET output of the MAX690/692/694 
can also be 


used for CMOS RAM write protection. 
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LOW LINE 
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10 kHz CLOCK 
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1.3V Comparator 
and Power Fail Warning 


The Power Fail Input (PFI) is compa~o 
an internal1.3V 
reference. The Power Fail Output (PFO) goes low when 
the voltage at PFI is less than 1.3V. Typically PFI is driven 
by an external voltage 
divider which senses either the 
unregulated DC input to the system's 5V regulator or the 
regulated 
5V output. 
The voltage 
divider ratio can be 
chosen 
such that the voltage 
at PFI falls below 
1.3V 
several milliseconds 
before the + 5V supply falls below 


4.75V. 
PFO 
is 
normally 
used 
to 
interrupt 
the 
microprocessor 
so that data can~ed 
in RAM before 
Vcc falls below 4.75V and the RESET output goes low 
(4.5V for MAX692/93). 


The Power Fail Detector 
can also monitor the backup 
battery to warn of a low battery condition. To conserve 
battery 
power,...!OO Power 
Fail Detector 
comparator 
is 


turned off and PFO is forced low when Vcc is lower than 
the VSATTinput voltage. 


Watchdog Timer and Oscillator 


The 
watchdog 
circuit 
monitors 
the 
activity 
of 
the 
microprocessor. 
If the microprocessor does not toggle the 
Watchdog Input (WDIl within the selected timeout period, 
a 50 millisecond" 
RESET pulse is generated. Since many 
systems cannot service the watchdog timer immediately 
after a reset, the MAX691/693/695 
has a longer timeout 
period after a reset is issued. The normal timeout period 
becomes effective following the first transition of WDI after 
RESET has gone high. The watchdog timer is restarted at 


WATCHDOG INPUT 


Z.7V 


the end of Reset, whether the Reset was caused by lack of 
activity on WDI or by Vcc falling below the reset threshold. 
If WDI remains either high or low, reset pulses will be 
issued every 1.6 seconds. The watchdog monitor can be 
deactivated 
by floating the Watchdog 
Input (WDI). 


The Watchdog 
Output 
(WDO, MAX691/693/695 
only) 


goes low if the watchdog timer "times out" and remains 
low un~ 
high by the next transition on the watchdog 


input. WDO is also set high when Vcc goes below the 
reset threshold. 


The watchdog timeout period is fixed at 1.6 seconds and 
the reset pulse width 
is fixed 
at 50ms" 
on the 8-pin 


MAX690, MAX692 and MAX694. The MAX691, MAX693 
and MAX695 allow these times to be adjusted per Table 1. 
Figure 8 shows various oscillator configurations. 


The internal oscillator is enabled when OSC SEL is high or 
floating. In this mode, OSC IN selects between the 1.6 
second and 100ms watchdog 
timeout 
periods. In either 


case, immediately after a reset the timeout period is 1.6 
seconds. This gives the microprocessor 
time to reinitialize 


the system. If OSC IN is low, then the 100ms watchdog 
period becomes effective after the first transition of WDI. 
The software should be written such that the I/O 
port 


driving WDI is left in its power-up 
reset state until the 


initialization 
routines 
are 
completed 
and 
the 


microprocessor 
is able to toggle 
WDI at the minimum 
watchdog timeout period of 70ms. 


10.24 kHz FROM INTERNAL 
OSCILLATOR 
OR EXTERNALLY 
SET FREQUENCY FROM 
OSC IN PIN 


WATCHDOG TIMEOUT 
SELECT 


GOES HIGH AT THE 
END OF WATCHDOG 
TIMEOUT 
PERIOD 
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Watchdog 
Timeout 
Period 
Reset Timeout 
Period 
OSC SEL 
OSCIN 
Normal 
Immediately 
After 
Reset 
MAX691193 
MAX695 


Low 
External Clock Input 
1024 clks 
4096 clks 
512 clks 
2048 clks 


Low 
External Capacitor 
400ms X C 
1.6 sec X C 
200ms x C 
800ms x C 


47pF 
47pF 
47pF 
47pF 
High/Floating 
Low 
WOms 
1.6 sec 
50ms 
200ms 
High/FLoating 
High / Floating 
1.6 sec 
1.6 sec 
50ms 
200ms 


Note 1: The MAX690 watchdog timeout period is fixed at 1.6 seconds nominal, the MAX690 Reset pulse width is fixed at 50ms nominal. 
Note 2: When the MAX691 OSC SEL pin is low, OSC IN can be driven by an external clock signal, or an external capacitor can be connected 
between OSC IN and GND. The nominal internal oscillator frequency is 10.24kHz. The nominal oscillator frequency with external 
capacitor is 
184,000 
FosdHz) 
= 
C(pF) 
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Other Uses of the Power Fail Detector 


In Figure 9 the Power Fail Detector 
is used to initiate a 
system 
reset 
when 
Vcc 
falls 
to 
4.85V. 
Since 
the 
threshold 
of the Power Fail Detector 
is not as accurate 
as the onboard 
Reset voltage 
detector, 
a trimpot 
must 
be used to adjust thlLvoltage 
detection 
threshold. 
Both 
the 
PFO and RESET 
outputs 
have 
high sink current 


capability 
and only 10llA of source 
current 
drive. This 
allows the two outputs to be connected 
directly to each 
other in a "wired 
or" fashion. 


The overvoltage 
detector 
circuit in Figure 10 resets the 


microprocessor 
whenever 
the nominal 5V Vcc is above 
5.5V. The battery 
monitor circuit (Figure 11) shows 1bs1 
status of the memory backup battery. If desired, the CE 
OUT c.,gnbe used to apply a test load to the battery. 
Since CE OUT is forced high during the battery backup 
mode, the test load will not be applied 
to the battery 


while 
it is in use, even 
if the 
microprocessor 
is not 


powered. 


Adding Hysteresis 


to the Power Fail Comparator 


Since the power fail comparator 
circuit is non-inverting, 


hysteresis 
can 
be 
added 
by 
connecting 
a 
resistor 


between the PFO output and the PFI input as shown in 
Figure 12. When PFO is low, resistor 
R3 sinks current 


from the summing junction 
at the PFI pin. When PFO is 


high, 
the 
series 
combination 
of 
R3 and 
R4 source 


current into the PFI summing junction. 


Alternate 
Watchdog Input Drive Circuits 


The Watchdog 
feature 
can be enabled 
and disabled 


under 
program 
control 
by driving 
WDI with a 3-state 


buffer (Figure 13). The drawback 
to this circuit is that a 


software 
fault 
may 
erroneously 
3-state 
the 
buffer, 


thereby preventing 
the MAX690 from detecting 
that the 


microprocessor 
is no longer working. 
In most cases a 


better method 
is to extend the watchdog 
period rather 


than disabling 
the watchdog. 
See Figure 14. When the 


control 
input is high, the OSC SEL pin is low and the 


watchdog 
timeout 
is set by the external 
capacitor. 
A 


0.011lF capacitor 
sets a watchdog 
timeout 
delay of 100 


seconds. When the control input is low, the OSC SEL pin 
is driven 
high, 
selecting 
the 
internal 
oscillator. 
The 


100ms or the 1.6 sec period is chosen, 
depending 
on 


which diode in Figure 14 is used. 
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Figure 
13. Disabling 
the Watchdog 
Under 
Program 
Control 
Figure 
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VSATI is connected to VOUTvia internal MOSFET. 


Logic low 


Logic high. The open circuit output voltage is equal to VOUT. 


Logic low 


Logic high 


WDI is internally disconnected from its internal pullup and does not source or sink current as long as its input 
voltage is between GND and VOUT.The input voltage does not affect supply current. 


Logic high 


The Power Fail Comparator is turned off and the Power Fail Input voltage has no effect on the Power Fail 
Output. 


Logic low 


CE IN is internally disconnected from its internal pullup and does not source or sink current as long as its input 
voltage is between GND and VOUT.The input voltage does not affect supply current. 


Logic high 


OSC IN is ignored. 


OSC SEL is ignored. 


Approximately 121'A is drawn from the VSATIinput when Vcc is between VSATI + 100mV and VSATI- 700mV. 
The supply current is 11'A maximum when Vcc is less than VsATI-700mV. 


VSATI. VOUT 


RESET 


RESET 


LOW LINE 


BADON 


WDI 


WDO 


PFI 


CE OUT 


OSCIN 


OSC SEL 


Vcc 


PART 
TEMP. 
RANGE 
PACKAGE 
MAX692CPA 
O'C to +70'C 
8 Lead Plastic DIP 
MAX692EPA 
-40'C 
to +8S'C 
8 Lead Plastic DIP 
MAX692EJA 
-40'C 
to +8S'C 
8 Lead CERDIP 
MAX692MJA 
-SS'C 
to +12S'C 
8 Lead CERDIP 
MAX693C/D 
O'C to +70'C 
Dice 
MAX693CPE 
O'C to +70'C 
16 Lead Plastic DIP 
MAX693CWE 
O'C to +70'C 
16 Lead Small Outline 
MAX693EPE 
-40'C 
to +8S'C 
16 Lead Plastic DIP 
MAX693EJE 
-40'C 
to +8S'C 
16 Lead CERDIP 
MAX693EWE 
-40'C 
to +8S'C 
16 Lead Small Outline 
MAX693MJE 
-SS'C 
to +12S'C 
16 Lead CERDIP 
MAX694CPA 
O'C to +70'C 
8 Lead Plastic DIP 
MAX694EPA 
-40'C 
to +8S'C 
8 Lead Plastic DIP 
MAX694EJA 
-40'C 
to +8S'C 
8 Lead CERDIP 
MAX694MJA 
-SS'C 
to +12S'C 
8 Lead CERDIP 
MAX69SC/D 
O'C to +70'C 
Dice 
MAX69SCPE 
O'C to +70'C 
16 Lead Plastic DIP 
MAX69SCWE 
O'C to +70'C 
16 Lead Small Outline 
MAX69SEPE 
-40'C 
to +8S'C 
16 Lead Plastic DIP 
MAX69SEJE 
-40'C 
to +8S'C 
16 Lead CERDIP 
MAX69SEWE 
-40'C 
to +8S'C 
16 Lead Small Outline 
MAX69SMJE 
-SS'C 
to +12S'C 
16 Lead CERDIP 


0.116' 
jrniiiiiif 
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INTRODUCTO Y 


Genera/Description 


The 
MAX696/697 
supervisory 
circuits 
reduce 
the 
complexity 
and number 
of components 
required 
for 
power supply monitoring 
and battery control functions 
in microprocessor 
systems. 
These 
include 
JlP reset 
and 
backup-battery 
switchover, 
watchdog 
timer, 
CMOS RAM write protection, 
and power-failure 
warn- 
ing. The MAX696/697 
significantly 
improves 
system 
reliability 
and accuracy 
compared 
to that 
obtained 
with separate ICs or discrete components. 


The 
MAX696 
and 
MAX697 
are supplied 
in 
16 pin 
packages and perform six functions: 
1. A Reset output during 
power-up, 
power-down 
and 
brownout 
conditions. 
The threshold 
for this "low 
line" 
reset 
is adjustable 
by an 
external 
voltage 
divider. 


2. A Reset pulse if the optional 
watchdog 
timer 
has 
not been toggled 
within 
a specified 
time. 


3. Individual 
outputs 
for low line and watchdog 
fault 
conditions. 


4. The Reset time may be left at its default value of 50 
ms. or may be varied with an external 
capacitor 
or 
clock 
pulses. 
5. A separate 1.3 volt threshold 
detector for power fail 
warning, 
low 
battery 
detection, 
or to monitor 
a 
power supply 
other than Vee. 


The MAX696 also has battery 
backup 
switching 
for 
CMOS 
RAM, 
CMOS 
microprocessor, 
or 
other 
low 
power logic. 


The MAX697 lacks batt~ 
backup~itching, 
but has 
write 
protection 
pins (CEIN 
and CEouT) for CMOS 
RAM or EPROM. In addition, 
it consumes 
less than 
250 microamperes. 


Computers 
Controllers 
Intelligent 
Instruments 
Automotive 
Systems 
Critical 
JlP Power Monitoring 
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2 
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4 
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• 
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7 
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lllN 
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5 
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• 


OSC" 
7 


OSC SEl 
8 


~~I~JXI~~I 
Microprocessor 
Supervisory 
Circuits 


--- 
Features 


• 
Adjustable 
Low 
Line 
monitor 
and 
Power 
Down 
Reset 


• 
Power OK/Reset 
Time Delay 


• 
Watchdog 
Timer-100ms, 
1.6 see, or adjustable 


• 
Minimum 
Component 
Count 


• 
1JlA Standby 
Current 


• 
Battery 
Backup 
Power Switching 
(MAX696) 


• 
Onboard 
Gating of Chip Enable Signals (MAX697) 


• 
Separate 
Monitor 
for Power 
Fail or Low Battery 
Warning 


PART 
TEMP. RANGE 
PACKAGE 


MAX696C/D 
O·C to +70·e 
Dice 


MAX696CPE 
O·C to +70·C 
16 Lead Plastic 
DIP 


MAX696CWE 
O·C to +70·C 
16 Lead Wide SO 


MAX696EPE 
-40·C 
to +85·C 
16 Lead Plastic 
DIP 


MAX696EJE 
-40·C 
to +85·C 
16 Lead CERDIP 


MAX696EWE 
-40· C to +85· C 
16 Lead Wide SO 


MAX696MJE 
-55·C 
to +125·C 
16 Lead CERDIP 


MAX697C/D 
O·C to +70·C 
Dice 


MAX697CPE 
O·C to +70·C 
16 Lead Plastic 
DIP 


MAX697CWE 
O·C to +70·C 
16 Lead Wide SO 


MAX697EPE 
-40·C 
to +85·C 
16 Lead Plastic 
DIP 


MAX697EJE 
-40·C 
to +85·C 
16 Lead CERDIP 


MAX697EWE 
-40·C 
to +85· C 
16 Lead Wide SO 


MAX697MJE 
-55·C 
to +125· C 
16 Lead CERDIP 


/ili/J X I/111 
",s1Cim Integrated Products 
6-101 
"",,,'x,,,•., is a registered 
trademark 
of Maxim 
Integrated 
Products. 
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ABSOLUTE 
MAXIMUM 
RATINGS 
Operating 
Temperature 
Range 
C suffix 
O°C to +70°C 


E suffix 
-40° C to +85° C 


M suffix 
................•............ 
-55°C 
to +125°C 


Power 
Dissipation 
16 Pin Plastic 
DIP 
(Derate 
7mW/oC 
above +70°C) 
600mW 


16 Pin Small 
Outline 
(Derate 
7mW/oC 
above +70°C) 
............•... 
600mW 


16 Pin CERDIP 
(Derate 
10mW/oC 
above 
+85°C) 
600mW 


Storage 
Temperature 
Range 
.... 
,....... 
-65° C to +160° C 


Lead Temperature 
(Soldering, 
10 seconds) 
... 
, . . .. 
300° C 


Terminal 
Voltage 
(with 
respect 
to GND) 
Vcc 
-0.3V 
to 6.0V 
VSATT 
.. . . . . . . . . . . . . . . .. .. .. 
-0.3V 
to 6.0V 
All Other 
Inputs 
(Note 
1) 
-0.3V 
to (VOUT+0.5V) 
Input 
Current 
Vcc 
200mA 
VSATT ...............•.•......•................. 
50mA 
GND 
20mA 
Output 
Current 


VOUT 
short 
circuit 
protected 
All Other 
Outputs 
, 
,..... 
20m A 
Rate-ol-Rise, 
VSATT,Vcc 
......•................. 
100Vl/ls 


Slresses above Ihose listed under ''Absolute Maximum Ralings." may cause permanenl damage 10 the device..These are slress ratings only, and 
funcllOnal operatIon of Ihe devIce al these or any other conditIons above those md,caled m Ihe operallonal secllons of the specificalions 
is not 


implied. Exposure to absolule maximum rating condilions for extended periods may affecl device reliability. 


ELECTRICAL 
CHARACTERISTICS 


(Vcc = lull 
operating 
range, 
VSATT= 2.8V, TA = 25° C, unless 
otherwise 
noted.) 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Operating 
Voltage 
Range 
TA = Full 
MAX696 
Vcc 
3.0 
5.5 
MAX696 
VSATT 
2.0 
Vcc -o.3V 
V 


MAX697 
Vcc 
3.0 
5.5 


Supply 
Current 
(MAX697) 
TA = Full 
160 
300 
/lA 


BATTERY 
BACKUP 
SWITCHING 
(MAX696) 


VOUTOutput 
Voltage 
lOUT = lmA, 
TA = Full 
Vcc -0.1 
Vcc -0.3 
V 
lOUT = 50mA, 
TA = Full 
Vcc -0.25 
Vcc -0.5 


VOUT in Battery 
Backup 
Mode 
lOUT = lOO/lA, Vcc < VSATT-o.2V, 
VSATT-0.1, VSATT-0.02 
V 
TA = Full 


Supply 
Current 
(excludes 
lOUT) 
lOUT = lmA 
1.5 
4 
mA 
lOUT = 50mA 
2.5 
7 


Supply 
Current 
in Battery 
Backup 
Mode 
Vcc = OV, VSATT= 2.8V, TA = 25°C 
0.6 
1 
/lA 
Vcc = OV, VSATT= 2.8V, TA = Full 
10 


5.5V > Vcc > VSATT+0.3V 
Battery 
Standby 
Leakage 
Current 
TA = 25°C 
-100 
+20 
nA 


TA = Full 
-1 
+0.02 
/lA 


Battery 
Switchover 
Threshold 
Power 
Up 
70 
mV 
VCC-VSATT 
Power 
Down 
50 


Battery 
Switchover 
Hysteresis 
20 
mV 


BATT 
ON Output 
Voltage 
ISINK= 1.6mA 
0.4 
V 


BATT 
ON Output 
Short 
BATT 
ON = VOUT 
7 
mA 
Circuit 
Current 
BATT 
ON = VOUT,Vcc = OV 
0.5 
2.5 
25 
/lA 


RESET 
AND 
WATCHDOG 
TIMER 


Low 
Line Voltage 
Threshold 
(LLIN) 
Vcc = +5V, +3V, TA = Full 
1.25 
1.30 
1.35 
V 


Microprocessor 


Supervisory 
Circuits 


ELECTRICAL 
CHARACTERISTICS 
(continued) 


(Vcc = full 
operating 
range, 
VSATT= 2.8V, TA = 25°C, 
unless 
otherwise 
noted.) 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Reset Timeout 
Delay 
Figure 
6. OSC SEL HIGH, 
Vcc = 5V 
35 
50 
70 
ms 


Watchdog 
Timeout 
Period, 
Long 
Period, 
Vcc = 5V 
1.0 
1.6 
2.25 
sec 


Internal 
Oscillator 
Short 
Period, 
Vcc = 5V 
70 
100 
140 
ms 


Watchdog 
Timeout 
Period, 
Long 
Period 
4032 
4097 
Clock 


External 
Clock 
Short 
Period 
960 
1025 
Cycles 


Minimum 
WDI 
Input 
Pulse Width 
Vil = 0.4, VIH = 3.5V, Vcc = 5V 
200 
ns 


RESET 
and 
RESET Output 
Voltage 
ISINK= 4OOpA, Vcc = 2V, VSATT= 0 
0.4 


ISINK= 1.6mA, 
3V < Vcc < 5.5V 
0.4 
V 
(Note 
3) 
ISOURCE= 1pA, Vcc = 5V 
3.5 


LOW LINE 
and WDO Output 
Voltage 
ISINK= 800pA, TA = Full 
0.4 
V 
ISOURCE= 1pA, Vcc = 5V, TA = Full 
3.5 


Output 
Short 
Circuit 
Current 
RESET, 
RESET, WDO, 
LOW LINE 
1 
3 
25 
pA 


WDI 
Input 
Threshold 
Vcc = 5V (Note 
2) 
Logic 
Low 
0.8 
V 
Logic 
High 
(MAX696) 
3.5 
Logic 
High 
(MAX697) 
3.8 


WDI 
Input 
Current 
WDI = VOUT 
20 
50 
pA 
WDI = OV 
-50 
-15 


POWER 
FAIL DETECTOR 


PFI Input 
Threshold 
Vcc = 3V, 5V 
1.2 
1.3 
1.4 
V 


PFI-LLIN 
Threshold 
Difference 
Vcc = 3V, 5V 
±15 
±50 
mV 


PFI Input 
Current 
±0.01 
±25 
nA 


MAX697 
-25 
±0.01 
+25 
LLIN Input 
Current 
nA 


MAX696 
-500 
±0.01 
+25 


PFO Output 
Voltage 
ISINK= 1.6mA 
0.4 
V 


ISOURCE= 1pA, Vcc = 5V 
3.5 
V 


PFO Short 
Circuit 
Source 
Current 
PFI = OV, PFO = OV 
1 
3 
25 
pA 


CHIP 
ENABLE 
GATING 
(MAX697) 


CE IN Thresholds 
Vil 
0.8 
V 
VIH, Vcc = 5V 
3.0 


CE IN Pullup 
Current 
3 
pA 


ISINK= 1.6mA 
0.4 
CE OUT 
Output 
Voltage 
ISOURCE= 800pA 
Vcc -o.5V 
V 


ISOURCE= 1pA, Vcc = OV 
Vcc -0.05 


CE Propagation 
Delay 
Vcc = 5V 
80 
150 
ns 


OSCILLATOR 


OSC 
IN Input 
Current 
±2 
pA 


OSC SEL Input 
Pullup 
Current 
5 
pA 


OSC 
IN Frequency 
Range 
OSC SEL = OV 
0 
250 
kHz 


OSC 
IN Frequency 
OSC SEL = OV 
kHz 
with 
External 
Capacitor 
Cosc = 47pF 
4 


Note 
1: 
The input 
voltage 
limits 
on PFI and WDI 
may be exceeded 
providing 
the input 
current 
is limited 
to less than 
10mA. 


Note 2: 
WDI 
is guaranteed 
to be in the mid-level 
(inactive) 
state 
if WDI is floating 
and Vcc is in the operating 
voltage 
range. 


WDI 
is internally 
biased 
to 38% of Vcc with 
an impedance 
of approximately 
125 kilohms. 


Note 3: 
TA = Full Operating 
Range. 
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PIN 
NAME 
MAX696 
MAX697. 
FUNCTION 


Vcc 
3 
3 
The +5V input. 


VBATT 
1 
- 
Backup 
battery 
input. 
Connect 
to Ground 
if a backup 
battery 
is not used. 


VOUT 
2 
- 
The higher 
of Vcc or VBATTis internally 
switched 
to VOUT.Connect 
VOUTto Vcc if 


VOUTand VBATTare not used. 


GND 
4 
5 
OV ground 
reference 
for all signals. 


RESET 
15 
15 
RESET goes low whenever 
LLIN falls below 
1.3 volts or Vcc falls below 
the VBATT 


input 
voltage. 
RESET 
remains 
low 
for 
50ms 
after 
LLIN goes 
above 
1.3 volts. 


RESET also goes low for 50ms if the Watchdog 
Timer 
is enabled 
but not serviced 


within 
its timeout 
period. 
The RESET 
pulse width 
can be adjusted 
as shown 
in 


Table 1. 


WDI 
11 
11 
The watchdog 
input, WDI, is a three level input. 
If WDI remains 
either 
high or low 


for longer 
than the watchdog 
timeout 
period, 
RESET pulses 
low and WDO goes 


low. The Watchdog 
Timer 
is disabled 
when 
WDI 
is left floating 
or is driven 
to 


mid-supply. 
The timer 
resets with each transition 
at the Watchdog 
Timer 
Input. 


PFI 
9 
9 
PFI is the non-inverting 
input 
to the Power 
Fail Comparator. 
When 
PFI is less 


than 
1.3V, PFO goes 
low. 
Connect 
PFI to GND 
or VOUT when 
not 
used. 
See 


Figure 
1. 


PFO 
10 
10 
PFO is the output 
of the Power Fail Com~tor. 
It goes low when 
PFI is less than 
1.3V. The comparator 
is turned 
off and PFO goes low when 
Vcc is below 
VBATT. 


CEIN 
- 
13 
The 
input 
to the CE gating 
circuit. 
Connect 
to GND 
or VOUT if not used. 


CE OUT 
- 
12 
CE OUT goes low only when 
CE IN is low and LLIN is above 1.3V. See Figure 
5. 


BAn 
ON 
5 
- 
BATT ON goes high when 
VOUTis internally 
switched 
to the VBATTinput. 
It goes 


low when VOUTis internally 
switched 
to Vcc. The output 
typically 
sinks 7.mA and 


can directly 
drive the base of an external 
PNP transistor 
to increase 
the output 


current 
above 
the 
100mA rating 
of VOUT. 


LOW LINE 
6 
6 
LOW LINE 
goes 
low when 
LLIN falls 
below 
1.3 volts. 
It returns 
high as soon as 
LLIN rises above 
1.3 volts. 
See Figure 
5, Reset Timing. 


RESET 
16 
16 
RESET 
is an active 
high 
output. 
It is the inverse 
RESET. 


OSC 
SEL 
8 
8 
When 
OSC SEL is unconnected 
or driven 
high, 
the internal 
oscillator 
sets the 


reset 
time 
delay 
and 
watchdog 
timeout 
period. 
When 
OSC 
SEL 
is low, 
the 


external 
oscillator 
input, 
OSC 
IN, 
is enabled. 
OSC 
SEL 
has a 3J1A internal 


pullup. 
See Table 
1. 


OSCIN 
7. 
7. 
OSC 
IN 
sets 
the 
Reset 
delay 
timing 
and 
Watchdog 
timeout 
period 
when 


OSC SEL floats 
or is driven 
low. The timing 
can also be adjusted 
by connecting 


an external 
capacitor 
to this pin. See Figure 
7. When 
OSC SEL is high, OSC 
IN 


selects 
between 
fast and slow 
Watchdog 
timeout 
periods. 


WDO 
14 
14 
The Watchdog 
Output, 
WDO, 
goes 
low 
if WDI 
remains 
either 
high 
or low for 


longer 
than 
the 
Watchdog 
timeout 
period. 
WDO 
is 
set~ 
by 
the 
next 


transition 
at WDI. 
If WDI 
is unconnected 
or at mid-supply, 
WDO 
remains 
high. 


WDO 
also goes 
high when 
LOW LINE 
goes low. 


NC 
12 
2 
NO CONNECT. 
Leave this 
pin open. 


LLIN 
13 
4 
LOW LINE 
INPUT. 
LLIN is the CMOS 
input 
to a comparator 
whose 
other 
input 
is a precision 
1.3 volt reference. 
The output 
is LOW LINE 
and is also connected 


to the reset pulse 
generator. 
See Figure 
2. 


TEST 
- 
1 
Used during 
Maxim 
manufacture 
only. 
Always 
ground 
this 
pin. 


TYpical Applications 


MAX696 


A typical 
connection 
for 
the 
MAX696 
is shown 
i.n 
Figure 1. CMOS RAM is powered from VOVT' 
VOUT 
IS 


internally 
connected 
to Vcc when power 's present, 
or to VSATT when Vcc is less than the battery voltage. 
VOUT can supply 50mA from Vcc, but if more current 
is required, 
an external PNP transistor 
can be added. 


When Vcc is higher 
than VSATT' 
the BATT ON out- 
put goes 
low, providing 
7mA of base drive for the 
external 
transistor. 
When Vcc is lower than VSATT' 
an 


internal 
500n MOSFET connects 
the backup battery 


to VOUT' 
The quiescent 
current 
in the battery backup 
mode is 1IJA maximum 
when Vcc is between OV and 
VSATT -700mV. 
Reset Output 


A voltage 
detector 
monitors 
Vcc 
and 
generates 
a 
REm output 
to hold the microprocessor's 
RESET 
line low when~ 
below 1.3V. An internal 
mono- 


stable 
holds 
RE::>ET low 
for 
50ms after 
LLI~ r~ef 
above 1.3V.This prevents repeated toggling 
of 
E E 
even if the Vcc power drops 
out and recovers with 
each power line cycle. 


The crystal 
oscillator 
normally 
used to generate 
the 
clock for microprocessors 
takes several milliseconds 
to start. 
Since 
most micSoprocessors 
need several 
clock 
cycles to reset, RE 
ET must be held low until 
the microRrocessor 
clock 
oscillator 
has started. The 
power-up 
RESET pulse lasts 50ms to allow for this 
oscillator 
start-up 
time. 
An 
inverted, 
active 
high, 
RESET output 
is also supplied. 
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Power 
Fall Detector 


The MAX696 issues a non-maskable 
interrupt 
(NMI) to 


the microprocessor 
when a power failure occur~. The 


power 
line 
is monitored 
via two 
external 
resistors 


connected 
to the Power 
Fail Input 
(PFI). When the 


v~ltoge at PFI falls below 1.3V, the Power Fail Output 
( F 
) drives the processor's 
NMI input low. An earlier 


power fail warning can be generated if the unregulated 
DC input of the regulator 
is available for monitoring. 


Watchdog 
TImer 


The microprocessor 
drives the WATCHDOG 
INPUT 


(WDI) with an I/O line. When OSC IN and OSC SEL 
are unconnected, 
the microprocessor 
must toggle the 


WDI pin once every 1.6 seconds to verify proper soft- 
ware 
execution. 
If a hardware 
or software 
failure 


occurs such that WDI is not toggled, 
the MAX696 will 


issue a 50ms RESET pulse after 
1.6 seconds. 
This 


typically 
restarts 
the 
microprocessor's 
power-up 


routine. 
A 
new 
RESET 
pulse 
is issued 
every 
1.6 


seconds 
until WDI is again strobed. 


The WATCHDOG 
OUTPUT 
(WDO) 
goes 
low if the 


watchdog 
timer 
is not 
serviced 
within 
its timeout 


period. 
Once WDO goes low it remains 
low until 
a 


transition 
occurs 
at WDI while "RESET 
is high. The 


watchdog 
timer 
feature 
can be disabled 
by leaving 


WDI unconnected. 
OSC IN and OSC SEL also allow 


other watchdog 
timing 
options, 
as shown 
in Table 1 


and Figure 7. 


MAX697 


The MAX697 is nearly identical 
to the MAX696. The 


MAX697 lacks the battery backup feature, so it does 
not 
have the VeATT, 
VOUT' 
or BATT ON 
pins. 
This 


allows the MAX697 to consume 
less than 250 micro- 


amperes, 
and 
it allows 
the 
inclusion 
of RAM write 


protection 
pins. See Figure 2. 
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Batfery-Switchover 
and VOUT (MAX696) 


The 
battery 
switchover 
circuit 
compares 
Vr:,c to the 
VSI\TTinput, and connects 
Your to whichever 
IS higher. 


SWltchover 
occurs 
when 
Vcc .is 50mV 
greater 
than 
VSATTas Vcc falls, and when 
Vcc is 70mV more than 
VSATT as Vcc 
rises 
(See 
Figure 
3). The 
switchover 
comparator 
has 
20mV 
of 
hysteresis 
to 
prevent 


repeated, 
rapid 
switching 
if Vcc falls 
very slowly 
or 


remains 
nearly 
equal to the battery 
voltage. 


When 
Vcc 
is 
higher 
than 
VSATT' Vcr;; is internally 
switched 
to Vour via a low saturation 
PNP transistor. 


Your 
has 50mA output 
current 
capability 
and thermal 
shutdown 
short 
circuit 
protection. 
Use an external 
PNP 
pass 
transistor 
in 
parallel 
with 
the 
internal 


transistor 
if the output 
current 
requirement 
at Your 
exceeds 
50mA 
or if a lower 
Vcc-Vour 
voltage 
differ- 
ential 
is desired. 
The 
BATT 
ON output 
can directly 
drive the base of the external 
transistor. 


It should 
be noted that the MAX696 need only supply 


the average current 
drawn 
by the CMOS RAM if there 


is adequate 
filtering. 
Many RAM data sheets specify 
a 


75mA maximum 
supply 
current, 
but this peak current 


spike 
lasts 
only 
100ns. A 0.1J1F bypass 
capacitor 
at 
Your 
supplies 
the high 
instantaneous 
current, 
while 
Your need only supply the average load current, 
which 


is much 
less. A capacitance 
of 0.1J1For greater 
must 
be connected 
to the Your terminal 
to ensure stability. 


A 500 ohm MOSFET connects 
the V.6ALTinput to Your 
during 
battery 
backup. 
This 
MOSFET 
has very 
low 


input-to-output 
differential 
(dropout 
voltage) 
at the 


IMAX6971 
CHlp·ENABlE 
INPUT 


lllN 


T1MEBASE 
FOR RESET 
AND 
WATCHDOG 
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low 
current 
levels 
required 
for 
battery 
backup 
of 


CMOS 
RAM 
or 
other 
low 
power 
CMOS 
circuitry. 


When Ycc equals VSI\TTthe supply 
current 
is typically 


12J1A. When 
Vcc is between 
OV and (VaATT -700mV) 


the typical 
supply 
current 
is only 
600nA typical, 
1J1A 


maximum. 
The MAX696 operates 
with battery 
voltages 
from 2.0V 


to 4.25V. The 
battery 
voltage 
should 
not 
be within 


0.5V 
of 
Vcc 
or 
switchover 
may 
occur. 
High 
value 


capacitors, 
either 
standard 
electrolytic 
or the farad- 


size 
double 
layer 
capacitors, 
can 
also 
be used 
for 


short-term 
memory 
backup. 
The capacitor 
charging 


voltage 
should 
include 
a 
diode 
to 
limit 
the 
fully 


charged 
voltage 
to approximately 
0.5V less than Vcc. 


The 
charging 
resistor 
for 
rechargeable 
batteries 


should 
be connected 
to Vour since this eliminates 
the 


discharge 
path that exists 
It the resistor 
is connected 


to Vcc. 


A small leakage 
current 
of typically 
10nA (20nA max) 


flows out of the VSATTterminal. 
This current 
varies with 


the amount 
of current 
that is drawn 
from Your but its 


polarity 
is such 
that 
the 
backup 
battery 
is always 


slightly 
charged, 
and is never discharged 
while Vcc is 


in its operating 
voltage 
range. This extends 
the shelf 


life 
of the 
backup 
battery 
by compensating 
for 
its 


self-discharge 
current. 
Also 
note 
that 
this 
current 


poses no problem 
when lithium 
batteries 
are used for 


backup 
since the maximum 
current 
(20nA) 
is safe for 


even the smallest 
lithium 
cells. 


If the battery-switch 
over section 
is not used, connect 


VSATTto GND and connect 
Your to Vcc. Table 2 shows 


the state 
of the inputs 
and output 
in the low power 


battery 
backup 
mode. 
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Reset Output 


R"E"SET is an active low output 
which 
goes low when- 
ever LLIN falls below 
1.3 volts. 
It will 
remain 
low until 


LLIN 
rises above 
1.312 volts for 50 milliseconds. 
(See 
Figures 
4 and 5.) 


The 
guaranteed 
minimum 
and 
maximum 
low 
line 
thresholds 
of the MAX696/697 
are 1.2 and 
1.4 volts. 


The 
LLIN 
comparator 
has 
approximately 
12mV 
of 
hysteresIs. 


The response 
time of the reset voltage 
comparator 
is 
about 
100 microseconds. 
LLIN should 
be bypassed 
to 
ensure 
that glitches 
do not activate 
RESET output. 


"RESET 
also goes 
low 
if the Watchdog 
Timer 
is en- 
abled and WDI remains either ~g~ 
or low longer than 
the watchdog 
timeout 
period. 
E ET has an internal 
3pA 
pullup, 
and 
can 
either 
connect 
to 
an 
open 
collector 
Reset 
bus or directly 
drive 
a CMOS 
gate 
without 
an external 
pullup 
resistor. 


CE Gsting snd 
_____ 
RAM Write Protection 


The MAX697 uses two pins to control 
the Chip Enable 
or wnte inputs 
of CMOS 
RAMs. When 
LLIf"" is > 1.3V, 
cr OUT 
is a buffered 
replica 
of cr IN, with 
a 50ns 
propagation 
delay. If LLIN input 
falls below 
1.3V (1.2 
min., 1.4 max.) an internal 
gate forces cr OUT high, 


independent 
of cr IN. The cr output 
is also forced 
high when 
Vcc is less than VSATT' 
(See Figure 
4.) 
cr OUT typically 
drives the cr, "CS or Write 
input of 
battery 
backed 
up 
CMOS 
RAM. 
This 
ensures 
the 


integrity 
of the data in memory 
by preventing 
write 


operations 
when 
Vac.is at an invalid 
level. 
Similar 


m:gtection 
of EEPR 
Ms can be ac.hi.EMld by using the 


CE 
OUT 
to 
drive 
the 
Store 
or Write 
inputs 
of 
an 


EEPROM, 
EAROM, 
or NOVRAM. 


If the 50ns typiQ&propagation 
delay of cr OUT is too 


long, 
connect 
CE IN to GND 
and use the 
resulting 
cr OUT to control 
a high speed external 
logic gate. A 


second alternative 
is to AND the LOW LINE output with 


the cr or WR signal. 
An external 
logic 
gate and the 


"RESET 
output 
of the MAX696/697 
can also be used 


for CMOS 
RAM write 
protection. 


1.25V Comparator and Power Fail Warning 


The Power 
Fail Input (PFI) is compared 
to an internal 


1.3V reference. 
The 
Power 
Fail Output 
(PFO) 
goes 


low when the voltage at PFI is less than 1.3V. Typically 
PFI 
is driven 
by an external 
voltage 
divider 
which 


senses either the unregulated 
DC input to the system's 


Vcc regulator 
or the 
regulated 
output. 
The 
voltage 


divider 
ratio can be chosen 
such 
that the voltage 
at 


PFI falls 
below 
1.3V several 
milliseconds 
before 
the 


LL1N falls below 1.3V.f5FO is normally 
used to interrupt 


the 
microprocessor 
so that 
data 
can 
be stored 
in 


RAM 
before 
LLIN 
falls 
below 
1.3V and 
the 
RESET 


output 
goes low. 


The Power Fail Detector 
can also monitor 
the backup 


battery to warn of a low battery condition. 
To conserve 


battery 
power, the Power 
Fail Detector 
comparator 
is 


turned 
off and 'Pm is forced 
low when Vcc is lower 


than the VSATT 
input voltage. 
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Watchdog Timer and Oscillator 


The 
watchdog 
circuit 
monitors 
the 
activity 
of 
the 
microprocessor. 
If the microprocessor 
does not toggle 
the Watchdog 
Input (WOI) within 
the selected 
timeout 
period, 
a 50 milliseconds 
RESET 
pulse is generated. 


Since 
many 
systems 
cannot 
service 
the 
watchdog 


timer 
immediately 
after a reset, the MAX696/697 
has a 


longer 
timeout 
period 
after 
a reset 
is issued. 
The 
normal 
timeout 
period 
becomes 
effective 
following 
the first transition 
of WOI after RESET 
has gone high. 


The watchdog 
timer 
is restarted 
at the end of Reset, 


whether 
the Reset was caused 
by lack of activity 
on 
WOI 
or 
by LLIN 
falling 
below 
1.3V. If WOI 
remains 
either 
high 
or 
lOW, 
reset pulses 
will 
be issued 
every 
1.6 seconds. The watchdog 
monitor 
can be deactivated 
by floating 
the Watchdog 
Input 
(WOI). 


The Watchdog 
Output woO goes low if the watchdog 
timer 
"times 
out," and it remains 
low until set~by 
the 
next 
transition 
on the 
watchdog 
input. 
WOO 
is 
also set high when 
LL1N goes below 
1.3V. 


The watchdog 
timeout 
period 
defaults 
to 1.6 seconds 
and 
the 
reset 
pulse 
width 
defaults 
to 
50ms. 
The 
MAX696 and MAX697 allow these times to be adjusted 
per Table 1. 


The 
internal 
oscillator 
is enabled 
when 
OSC SEL is 
high or floating. 
In this mode, OSC IN selects between 
the 1.6 second 
and 100ms watchdog 
timeout 
periods. 


In either 
case, immediately 
after 
a reset the timeout 
period 
is 1.6 seconds. 
This gives the microprocessor 
time to reinitialize 
the system. WO transmissions 
while 
RESET 
is low are ignored. 
If OSC IN is low, then the 
100ms watchdog 
period 
becomes 
effective 
after 
the 
first transition 
of WOI. The software 
should 
be written 


WATCHOOG INPUT 


2.7V 


such that the I/O port driving 
WOI is left in its power- 


up 
reset 
state 
until 
the 
initialization 
routines 
are 


completed 
and the microprocessor 
is able to toggle 


WOI 
at the 
minimum 
watchdog 
timeout 
period 
of 


70ms. 


_______ 
Application Hints 


Adding Hysterasis 


to the Power Fail Comparator 


Since 
the 
power 
fail 
comparator 
circuit 
is 
non- 


inverting, 
hysteresis 
can 
be added 
by connecting 
a 


resistor 
between 
the PFO output 
and the PFI input as 


shown 
in Figure 7. When PFO is low, resistor 
R3 sinks 


current 
from 
the summing 
junction 
at the 
PFI pin. 


When 
PFO is high, the series combination 
of R3 and 


R4 source 
current 
into the PFI summing 
junction. 


Alternate 
Watchdog Input Drille Circuits 


The Watchdog 
feature 
can be enabled 
and disabled 


under 
program 
control 
by driving 
WOI with a 3-state 


buffer 
(Figure 8). The drawback 
to this circuit 
is that a 


software 
fault 
may 
erroneously 
3-state 
the 
buffer, 


thereby 
preventing 
the 
MAX690 
from 
detecting 
that 


the 
microprocessor 
is no 
longer 
working. 
In 
most 


cases 
a better 
method 
is to 
extend 
the 
watchdog 


period 
rather than disabling 
the watchdog. 
See Figure 


9. When the control 
input 
is high, the OSC SEL pin is 


low and the watchdog 
timeout 
is set by the external 


capacitor. 
A 0.01pF capacitor 
sets a watchdog 
timeout 


delay 
of 100 seconds. 
When the control 
input 
is low, 


the OSC SEL pin is driven 
high, selecting 
the internal 


oscillator. 
The 100ms or the 1.6 sec period 
is chosen, 


depending 
on which 
diode 
in Figure 
9 is used. 
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OSC SEL 
WATCHDOG 
TIMEOUT 
PERIOD 
RESET 
OSCIN 
NORMAL 
IMMEDIATELY 
TIMEOUT 
(Note 
3) 
AFTER 
RESET 
PERIOD 


Low 
External 
Clock 
Input 
1024 clks 
4096 clks 
512 clks 


Low 
External 
Capacitor 
400ms 
x C 
1.6secxC 
200ms 
x C 
47pf 
47pf 
47pf 


High/Floating 
Low 
100ms 
1.6 sec 
50ms 


High/Floating 
High/Floating 
1.6 sec 
1.6 sec 
50ms 


Note 
1: 
When 
the 
MAX696/697 
OSC 
SEL 
pin 
is low, 
OSC 
IN can 
be driven 
by an external 
clock 
signal, 
or an external 


capacitor 
can be connected 
between 
OSC 
IN and GND. 
The nominal 
internal 
oscillator 
frequency 
is 10.24kHz. 
The 


nominal 
oscillator 
frequency 
with external 
capacitor 
is F 
(H) 
_ 184,000 


osc 
Z 
- CosdpF) 
Note 2: 
See Electrical 
Characteristics 
Table for minumum 
and maximum 
timing 
values. 


Note 3: 
"HIGH" 
for the OSC SEL pin should 
be connected 
to VOUT,not Vcc (on MAX696). 
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Figure 
7. 
Adding 
Hysteresis 
to 
the 
Power 
Fail 
Voltage 
Comparator 
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VBATT,VOUT 


RESET 


RESET 


LOW LINE 


BATTON 


WDI 


WDO 


PFI 


CE OUT 


OSCIN 


OSCSEL 
Vcc 


VBATTis connected 
to VOUTvia internal 
MOSFET. 
(MAX696 
only) 


Logic 
low 


Logic high. The open circuit 
output 
voltage 
is equal to VOUT. 


Logic 
low 


Logic 
high (MAX696 
only) 


WDI is internally 
disconnected 
from 
its internal 
pullup 
and does not source 
or sink current 
as long as its input 


voltage 
is between 
GND and VOUT.The input voltage 
does not affect supply 
current. 


Logic 
high 


The 
Power 
Fail Comparator 
is turned 
off and the Power 
Fail Input 
voltage 
has no effect 
on the Power 
Fail 


Output. 


Logic 
low 


CE IN is internally 
disconnected 
from 
its internal 
pullup 
and does 
not source 
or sink 
current 
as long 
as its 


input voltage 
is between 
GND and VOUT.The input voltage 
does not affect supply 
current. 
(MAX697 
only) 


Logic high (MAX697 
only) 


OSC IN is ignored. 


OSC SEL is ignored. 


Approximately 
12pA is drawn 
from 
the VBATTinput 
when 
Vcc is between 
VBATT+ 100mV and VBATT- 700mV. 


The supply 
current 
is 1JJAmaximum 
when Vcc is less than VBATT- 700mV. 


0.116" 


(2.95mm) 
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WOO 


CEIN 


CE OUT 
0.116" 
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GNO 
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Programmable 
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_______ 
General Description 


Maxim's 
MAX8211 and 8212 are CMOS 
micropower 


voltage detectors. 
Each contains 
a comparator, 
a 1.15V 


bandgap 
reference, 
and 
an 
open 
drain 
N-channel 


output 
driver. Two external 
resistor:; are used in con- 


junction 
with 
the 
internal 
reference 
to set the 
trip 
voltage to the desired level. A Hysteresis 
output 
is also 
included, 
allowing 
the user to apply positive feedback 


for noise-free 
output 
switching. 


The MAX8211 provides 
a 7mA currenl-limited 
output 


sink whenever 
the voltage applied to the Threshold 
pin 


is less than the 1.15Vinternal reference. In the MAX8212, 
a voltage greater than 1.15V at the Threshold 
pin turns 


the output 
stage on (no current 
limit). 


The 
MAX821118212 are plug-in 
replacements 
for the 
bipolar 
ICL821118212 in applications 
where the maxi- 
mum supply voltage is less than 16.5V.They offer several 
performance 
advantages, 
including 
reduced 
supply 


current, 
a more tightly 
controlled 
bandgap 
reference, 
and more available current 
from the Hysteresis 
output. 


__________ 
Applications 


Under Voltage Detection 
Over Voltage Detection 
Battery 
Backup 
Switching 
Power Supply 
Fault Monitoring 
Low Battery 
Detection 


________ 
Pin Configuration 


HYSTERESIS 


THRESHOL008 
7 
V· 


OUTPUT 
2 
8 
H/C 


H/C 
3 
5 
H/C 


4 


GROUHO 


8 Lead TO-99 Metal Can 


H/C 


HYSTERESIS 


THRESHOLO 


OUTPUT 


H/C 


H/C 


GROUHD 


H/CD8 
V· 


HYSTERESIS 
2 
7 
H/C 


THRESHOLD 
3 
8 
H/C 


OUTPUT 
4 
5 
GROUHD 


8 Lead Small Outline 


____________ 
Features 


• 
Improved 2nd Source for ICL8211/8212 


• 
Low Power CMOS 
Design 


• 
5p.A Quiescent Current 


• 
Onboard Hysteresis Outputs 


• 
±40mV Threshold Accuracy (±3.5%) 


• 
2.0V to 16.5V Supply Voltage Range 


• 
Defined Output Current Limit-MAX8211 


• 
High Output Current Capabillty-MAX8212 


_______ 
Ordering 
Information 


PART 
TEMP. RANGE 
PACKAGE 


MAX8211CPA 
O·C to .70·C 
8 lead Plastic DIP 


MAX8211EPA 
-40·C to +85·C 
8 lead Plastic DIP 


MAX8211EJA 
-40·C to +85·C 
8 lead CERDIP 


MAX8211MJA 
-55·C to +125·C 
8 lead CERDIP 


MAX8211CSA 
O·C to +70·C 
8 lead Small Outline 


MAX8211CTV 
O·C to +70·C 
8 lead TO-99 Metal Can 


MAX8211ETV 
-40·C to +85·C 
8 lead TO-99 Metal Can 


MAX8211MTV 
-55·C to +125·C 
8 lead TO-99 Metal Can 


MAX8211C/D 
O·C to +70·C 
Dice 


MAX8212CPA 
O·C to +70·C 
8 lead Plastic DIP 


MAX8212EPA 
-40·C to +85·C 
8 lead Plastic DIP 


MAX8212EJA 
-40·C to +85·C 
8 lead CERDIP 


MAX8212MJA 
-55·C to +125·C 
8 lead CERDIP 


MAX8212CSA 
O·C to +70·C 
8 lead Small Outline 


MAX8212CTV 
O·C to +70·C 
8 lead TO-99 Metal Can 


MAX8212ETV 
-40·C to +85·C 
8 lead TO-99 Metal Can 


MAX8212MTV 
-55·C to +125·C 
8 lead TO-99 Metal Can 


MAX8212C/D 
O·C to +70·C 
Dice 


Logic Supply 
Under-Voltage 
Detector 


(Detaifed Circuit Diagram-Figure 
5) 


Programmable 
Voltage Detectors 


Supply Voltage 
-o.5V to +18V 
Current into Any Terminal 
.....•..................... 
±50mA 


Output Voltage 
-o.5V to +18V 
Power Dissipation 
Hysteresis Voltage 
...•...........•.... 
+0.5V to -18V w.r.t. V+ 
Plastic DIP (derate 6.25mW/oC above +70°C) 
500mW 


Threshold 
Input Voltage 
...............•.... 
-o.5V to V+ +0.5V 
Small Outline (derate 6mW/oC above +70°C) 
480mW 


Operating 
Temperature 
CERDIP (derate 8mWfOC above +70°C) 
640mW 


MAX821XC 
..............•.................... 
O°C to +70°C 
TO-99 Metal Can (derate 6.7mW/oC above +70°C) 
536mW 
MAX821XE 
................•................ 
-4Q°C to +85°C 
Lead Temperature (Soldering, 
10 seconds) 
300°C 
MAX821XM 
-55°C to +125°C 
Storage Temperature Range 
-65°C to +150°C 


Stresses above those listed under ':Absolute Maximum 
Ratings" may cause permanent 
damage to the devics. These 8r8 stress ratings only and functional 
operation 
of the device at these or any other conditions above those indicated in the operational 
sections of the specifications 
is not implied. Exposure to 
absolute maximum 
rating conditions 
for extended periods may affect device reliability. 


SYMBOL 
MAX8211 
MAX8212 
PARAMETER 
CONDITIONS 
UNITS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


2V :5 V+ :5 16.5V 


Supply Current 
1+ 
GND:5 
VTH:5 V+ 
JlA 
TA : 25°C 
5 
15 
5 
15 
TA : Full Temp Range 
20 
20 


2V :5 V+ :5 16.5V, VOUT: 2V 
Threshold 
Trip Voltage 
VTH 
lOUT: 4mA, TA : 25°C 
1.11 
1.15 
1.19 
V 


lOUT: 3mA, TA : Full Temp Range 
1.05 
1.25 
1.05 
1.25 


Threshold 
Voltage Disparity 
lOUT: 4mA 
Between Output 
& 
VTHP 
±O.1 
±0.1 
mV 


Hysteresis Output 
IHysT: 
1mA 


Guaranteed Operating 
Vsupp 
TA: 
25°C 
2.0 
16.5 
2.0 
16.5 
V 
Supply Voltage Range 
TA : Full Temp Range 
2.2 
16.5 
2.2 
16.5 


Typical Operating Supply 
Vsupp 
TA : 25°C 
1.5 
16.5 
1.5 
16.5 
V 
Voltage Range 


Threshold 
Voltage 
L;VTH/L;T 
See Figure 4 
-200 
-200 
ppm/oC 
Temperature Coefficient 


Variation of Threshold 
L;VTH 
V+ : 4.5V to 5.5V 
1.0 
0.2 
mV 
Voltage with Supply Voltage 


Threshold 
Input Current 
ITH 
o :5 V 
:5 V+, TA : 25°C 
0.Q1 
10 
0.01 
10 
nA 
TA : i!~1 Temp Range 
20 
20 


TA : Full Temp Range, E and C Grade 
VOUT: 16.5V,~H : 1.0V 
10 
VOUT: 16.5V,~H : 1.3V 
10 
VOUT: 5V, ~H : 1.0V 
1 


Output 
Leakage Current 
VOUT: 5V, ~H : 1.3V 
1 
10LK 
TA : Full Temp Range, M Grade 
JlA 


VOUT: 16.5V,~ 
: 0.9V 
30 
VOUT: 16.5V,VTH: 1.3V 
30 
VOUT: 5V, VTH: 1.3V 
10 
VOUT: 5V, VTH: 0.9V 
10 


Output Saturation 
Voltage 
VSAT 
lOUT: 2mA, VTH: 1.0V 
0.17 
0.4 
V 
lOUT: 2mA, VTH: 1.3V 
0.17 
0.4 


O°C to +70°C, VOUT: 5V 
Max Available Output Current 
10H 
VTH: 1.0V (Note 1) 
4 
7.0 
mA 


VTH: 1.3V (Note 2) 
12 
35 


TA : Full Temp Range, C and E Grade 
V+ : 10V, VTH: 1.0V 
0.1 
0.1 
JlA 
VHYST: -16.5V w.r.t. V+ 


Hysteresis Leakage Current 
ILHys 
TA : Full Temp Range, M Grade 


V+ : 10V,~ 
: 0.9V 
3 
3 


VHYS: -16.5V w.r.t. V+ 


Hysteresis Sat Voltage 
VHYS(max) 
IHYST: 0.5mA, VTH: 1.3V 
-0.1 
-0.2 
-0.1 
-0.2 
V 
measured with respect to V+ 


Max Available Hysteresis 
IHys (maxi 
~H: 
1.3V 
2 
10 
2 
10 
mA 


Current 
VHYS: OV 


Programmable 
Voltage Detectors 


Note 1: 
The maximum 
output current of the MAX8211 is limited by design to 30mA under any operating 
condition. 
The output voltage 


may be sustained 
at any voltage up to +16.5V as long as the maximum 
power dissipation 
of the device is not exceeded. 


Note 2: 
The maximum 
output 
current 
of the MAX8212 is not defined, 
and systems using the MAX8212 must therefore 
ensure that the 


output 
current 
does not exceed SOmA and that the maximum 
power dissipation 
of the device is not exceeded. 


______ 
Det.lled 
Description 


As shown 
in the block diagrams 
of Figures 
1 & 2, the 


MAX8211 and MAX8212 each contain a 1.15Vreference, 
a comparator, 
an open drain n-channel 
output transis- 


tors, and an open drain 
p-channel 
hysteresis 
output. 


The 
MAX8211 
output 
n-channel 
turns 
on when 
the 


voltage applied to the THRESHOLD 
pin is less than the 


internal 
reference 
(1.15V). The sink current 
is limited to 
7mA (typical), 
allowing 
direct drive of an LED without 
a 
series resistor. The MAX8212 output turns on when the 
voltage applied to the THRESHOLD 
pin is greater than 


the internal 
reference. 
The output 
of the MAX8212 is 
not current 
limited, 
and will typically 
sink 35mA. 


Compatibility with ICL8211/8212 


The CMOS 
MAX8211/8212 
are plug-in 
replacements 


for the bipolar 
ICL8211/8212 in most applications. 
The 
use of CMOS technology 
has several advantages. 
The 
quiescent supply current is much less than in the bipolar 
parts. Higher 
value resistors 
can also be used in the 
networks that set up the trip voltage, since the compara- 
tor 
input 
(THRESHOLD 
pin) 
is a low 
leakage 
MOS 
transistor. 
This further 
reduces 
system 
current 
drain. 
The tolerance 
of the internal 
reference 
has also been 
significantly 
improved, 
allowing 
for more precise vol- 


tage detection 
without 
the use of potentiometers. 


The available 
current 
from 
the HYSTERESIS 
output 


has been increased 
from 
21J.lA to 10mA making 
the 
hysteresis 
feature easier to use. The disparity 
between 
the voltage required 
at the THRESHOLD 
pin to switch 


v· 


~ 
HYSTERESIS 


the OUTPUT 
compared 
with the HYSTERESIS 
output 


has also been reduced 
in the MAX8211 from 8mV to 


O.1mV to eliminate 
output 
"chatter" 
or oscillation. 


Most voltage 
detection 
circuits 
operate 
with supplies 


that are 15Vor less: in these applications, 
the MAX8211/ 


8212 will replace 
ICL8211/8212s with the performance 


advantages 
described 
above. 
However 
it should 
be 


noted that the CMOS parts have an absolute 
maximum 


supply voltage rating of 18V,and should 
never be used 


in applications 
where this rating 
could 
be exceeded. 


Caution 
should 
also 
be exercised 
when 
replacing 


ICL8211/8212s 
in closed 
loop 
applications 
such 
as 


programmable 
zeners. Although 
neither 
the ICL8211/ 


8212 nor the MAX8211/8212 are internally 
compensated, 


the 
CMOS 
parts 
have higher 
gain 
and 
may' not 
be 


stable for the external 
compensation 
capacitor 
values 


used in lower gain ICL8211/8212 circuits. 
________ 
Typical Application. 


Basic 
Volfage Detectors 


Figure 3 shows the basic circuit 
for both under-voltage 


detection 
(MAX8211) 
and 
over-VOltage 
detection 


(MAX8212). 
For applications 
where 
no hysteresis 
is 


needed, R3 should 
be omitted. 
The ratio of R1 to R2 is 


then chosen 
such that, for the desired 
trip voltage 
at 


VIN, 1.15V is applied to the THRESHOLD 
pin. Since the 


comparator 
inputs are very low leakage MOS transistors, 


the MAX8211/8212 can use much higher resistor values 
in the attenuator 
network than the bipolar ICL8211/8212. 


v· 


~ 
HYSTERESIS 


, 
OUTPUT 


Programmable 
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Voltage Detectors 
with Hysteresis 


To ensure 
noise-free 
output 
switching, 
hysteresis 
is 
frequently 
used 
in voltage 
detectors. 
For 
both 
the 
MAX8211 and MAX8212, 
the HYSTERESIS 
output 
is 
ON for THRESHOLD 
voltages 
greater 
than 1.15V. R3 
(Figure 
3) controls 
the 
amount 
of current 
(positive 
feedback) 
supplied 
from 
the HYSTERESIS 
output 
to 
the 
mid-point 
of the resistor 
divider, 
and 
hence 
the 
magnitude 
of the hysteresis, 
or dead-band. 


Resistor 
values for Figure 3 should 
be calculated 
as 
follows: 


1) Choose 
a value for R1. Typical values are in the 
10kO 
to 
10MO 
range. 


2) Calculate 
R2 for the desired 
upper trip point Vu 
using the formula: 


R 
=R 
X(VU-VTH)=R 
x (Vu-1.15V) 
2 
1 
VTH 
1 
1.15V 


3) Calculate R3forthe desired amount of hysteresis, 


where VL is the lower trip point: 


R3 = R2 X (V+ - VTH) = R2 x (V+ - 1.15V) 
(Vu - VLl 
(Vu - VLl 


or if V+ = V1N 


R3 = R2 X (VL - VTH) = R2 x (VL - 1.15V) 
(Vu - VL) 
(Vu - VLl 


Figure 4 shows an alternate 
circuit, 
suitable 
only when 
the 
voltage 
being 
detected 
is also 
the 
power 
supply 
voltage for the MAX8211 or MAX8212. 


Resistor 
values for Figure 
5 should 
be calculated 
as 
follows: 


1) Choose 
a value for R1. Typical values are in the 
10kO 
to 
10MO 
range. 


2) Calculate 
R2 


R 
= R 
X (VL - VTH) = R x (VL - 1.15V) 
2 
1 
VTH 
1 
1.15V 


3) Calculate 
R3 


R 
= R x (Vu - VLl 
3 
1 
1.15V 


Low Voltage Detector 
for Logic Supply 


The circuit of Figure 5 will detect when a 5.0V (nominal) 
supply 
goes 
below 
4.5V, which 
is the Vmin normally 
specified 
in logic systems. 
Resistor values have been 
selected 
which ensure that false under-voltage 
alarms 
will not be generated 
even with worst-case 
Threshold 
Trip 
Voltages 
and 
resistor 
tolerances. 
R3 provides 
approximately 
75mV of hysteresis. 


';II'I./JXI';II'I 
MAX8211 
MAX8212 
OUTPUT 
\/oUT 


1.200 


1.230 


~ 
1.210 


~ 
1.190 


==- 
~ 
1.170 


~ 
~ 
1.150 


e1~: ~ 
1.130 
= 
1.110 
1.090 


1.070 


1.050 
_55°e 
-25°e 
.25°e 
.we 
.125°e 


AMBIENT 
TEMPERATURE. 
T, rei 
DV+=16.5V 
XV+=2V 


............,;; 


487k!1 
1% 
v. 


HYSTERESIS 


R, 
20Mn 
';II'I.;J 
X 1.;11'1 
1% 
MAX8211 


OUTPUT 
\/oUT 
TNRESHOLO 
[LOW FOR 
GROUND 
~"<4.5VI 


R, 
7iiOkn 
1% 


________ 
General Description 


The Maxim ICL7660 is a monolithic charge pump voltage 
inverter that will convert a positive voltage in the range of 
+1.5V to +10V to the corresponding 
negative voltage in 
the range of -1.5V to -10V. The ICL7660 provides perfor- 
mance far superior to previous implementations 
of charge 
pump voltage inverters by combining 
low quiescent cur- 
rent with high efficiency, and by eliminating 
diode drop 
voltage losses. The ICL7660 has an oscillator. control cir- 
cuitry, and 4 power MOS switches on-ehip, with the only 
required external components being two low cost electro- 
lytic capacitors. 


___________ 
Applications 


The ICL7660 can be used wherever negative voltages in 
the range of -1.5V 
to -10V 
are desired. A common use 


is to generate a -5V 
supply for use with analog circuitry, 


using the standard +5V logic supply as the power source. 
Another 
popular usage is to convert a +9V battery volt- 


age to -9V, which can then be regulated to -5V 
by the 
Maxim ICL7664. 


The ICL7660 can also be used to double the output volt- 
age of a battery, generating a 3V total supply voltage from 
a single 1.5V flashlight 
battery or generating 
a 6V total 


supply voltage from a single lithium cell. Typical applica- 
tions include: 


Handheld instruments 
RS-232 power supply 
Data acquisition systems 
-5V supply from +5V logic supply 
Panel meters 
Operational amplifier power supplies 
Positive to negative voltage conversion 


NEGATIVE 
VOLTAGE 
OUTPUT 


~~I~JXI~~I 
Monolithic 
Voltage Converter 


____________ 
Features 


• 
Improved 
2nd Source! (see 3rd page for 
"Maxim 
Advantage'""). 


• 
No Diode Required 
for High Voltage Operation 


• 
Simple Voltage Conversion: 
+5V to ±5V 


• 
98% Power Efficiency 
(typ) 


• 
Wide Voltage Range: 1.5V to 10V 


• 
Monolithic, 
Low Power CMOS 
Design 


PART 
TEMP. RANGE 
PACKAGE 


ICL766DC/D 
DOCto +7DoC 
Dice 


ICL766DCPA 
DOCto +7DoC 
8 Lead Plastic Dip 


ICL766DCSA 
DOCto +7DoC 
8 Lead Small Outline 


ICL766DCTV 
DOCto +7DoC 
8 Lead TO-99 Can 


ICL766DIJA 
-2DoC to +85°C 
8 Lead CERDIP 


ICL766DITV 
-2DoC to +85°C 
8 Lead TO-99 Can 


ICL766DEJA 
-4DoC to +85°C 
8 Lead CERDIP 


ICL766DMTV 
(Order ICL766DAMTV) 


ICL766DAMTV 
-55°C to +125°C 
8 Lead TO-99 Can 


The "Maxim Advantage'·" signifies an upgraded quality level. At no additional cost we offer a second-source device that is subject to the 
following: 
guaranteed performance 
over temperature 
along with tighter 
test specifications 
on many key parameters; 
and device 
enhancements, when needed, that result in improved performance without changing the tunctiona/ity. 


Monolithic Voltage Converter 


ICL7660CSA 
(Maxim) 
............•.......... 
ICL7660lJA 
(Maxim) 
. 
Operating Temperature 
Range 


ICL7660M 
.. 
-55°C to +125°C 


ICL76601 (Maxim) 
. 
-20°C to +85°C 


ICL7660C (Maxim) 
O°C to +70°C 


Storage Temperature Range 
...•............ 
-65°C to +150°C 


Lead Temperature 
(Soldering, 
10 see) 


Supply Voltage, (LV Open Circuit) 
+10.5V 
LV and OSC Input Voltage 
(Note 1) 
-0.3V to (V+ +0.3V) for V+ < +5.5V 


(V+ -5.5V) to (V+ +0.3V) for V+ > +5.5V 


Current into LV (Note 1) 
20l'A for V+ > +3.5V 


Output Short Duration 
(VSUPPLY';;+5.5V) 
Continuous 


Power Dissipation 
(Note 2) 
ICL7660CTV 
. 


ICL7660CPA 
. 


ICL7660MTV 
. 


500mW 
300mW 
500mW 


Stresses above those listed under ''Absolute Maximum 
Ratings" may cause permanent 
damage to the device. These are stress ratings only, and functional 
operation 
of the device at these or any other conditions 
above those indicated 
in the operational 
sections of the specifications 
is not implied. Exposure to 
absolute maximum 
ratings conditions 
for extended periods may affect device reliability. 


ELECTRICAL CHARACTERISTICS 
(v+ 
= +SV, TA = +25°C 
unless 
otherwise 
indicated) 


LIMITS 


PARAMETER 
SYMBOL 
MIN. 
TYP. 
MAX. 
UNIT 
TEST 
CONDITIONS 


Supply 
Current 
1+ 
170 
500 
/loA 
RL = •• 


Supply 
Voltage 
Range 
- Hi 
V+Hl 
3.0 
6.S 
V 
O·C,;;; TA';;; 70·C. 
RL = 10kO, LV Open 


(Ox out of circuit) 
(Note 
3) 
3.0 
S.O 
V 
-5S·C,;;; 
TA';;; 12S·C. 
RL = 10kO, 
LV Open 


Supply 
Voltage 
Range 
- Lo 
V+L1 
1.S 
3.S 
V 
MIN,;;; 
TA';;; MAX, 
RL = 10kO, 
LV to GROUND 


(Ox out of circuit) 
. 


Supply 
Voltage 
Range 
- Hi 
V+H2 
3.0 
10.0 
V 
MIN,;;;TA:5 
MAX, RL = 10kO, LV Open 


(Ox in circuit) 


Supply 
Voltage 
Range 
- Lo 
V+L2 
1.S 
3.5 
V 
MIN:5 
TA:5 
MAX, 
RL = 10kO, 
LV to GROUND 


(Ox in circuit) 


55 
100 
0 
lOUT = 20mA, 
TA = 2S·C 


120 
0 
lOUT = 20mA, 
-20· C ,;;;TA ,;;;+70· C 


150 
0 
lOUT = 20mA, 
-55·C 
< TA < +125·C 
(Note 
3) 


Output 
Source 
Resistance 
ROUT 
300 
0 
V+ = 2V, lOUT = 3mA. 
LV to GROUND 
-20·C';;; 
TA';;; +70·C 


400 
0 
V+ = 2V, lOUT = 3mA, LV to GROUND, 
-55·C,;;; 


•• 
TA';;; +125·C, 
Ox in circuit 
(Note 
3) 


Oscillator 
Frequency 
fose 
10 
kHz 
Power 
Efficiency 
PEl 
95 
98 
% 
R = SkO 
Voltage 
Conver~;~~ 
f:fficiency 
VOUT Ef 
97 
99.9 
% 
RL = •• 
Oscillator 
Impeoance 
Zose 
1.0 
MO 
V+ = 2 Volts 


100 
kO 
V 
= S Volts 


NOTE 1: Connecting any input terminal to voltages greater than V+ or less than GROUND may cause destructive latchup. It is recommended that no inputs from sources 
operating from external supplies be applied prior to "power up" of the ICL7660. 


NOTE 2: Derate linearly above 50°C by 5.5mW/oC. 
NOTE 3: ICL7660M only. 


The electrical characteristics above are a reproduction 01a portion of Intersil's copyrighfed (1983/1984) data book. This information does 
not constitute any represenfation by Maxim thaf Intersil's products will perform in accordance with these specifications. The "Electrical 
Characteristics Table" along with descriptive excerpts from the original manufacfurer's data sheet have been included in this data sheet 
solely for comparative purposes. 


Monolithic Voltage Converter 


• 
Lower 
supply 
current 


• 
Supply 
current 
guaranteed 
over 
temperature 


• 
No diode 
required 
for high 
voltage 
operation 
(Note 
1) 


• 
Wide 
1.5V to 10Voperating 
voltage 
range 


• 
Improved 
SCR 
Latch-up 
protection 


• 
Guaranteed 
99% voltage 
conversion 
efficiency 


• 
Improved 
ESD protection 
(Note 
3) 


• 
Maxim 
Quality 
and Reliability 


ABSOLUTE MAXI MUM RATINGS 
This device conforms to the Absolute Maximum Ratings on adjacent page. 


ELECTRICAL CHARACTERISTICS 
Specifications below satisfy or exceed all "tested" parameters on'adjacent page. 


(V+ = 5V,TA= 25°C, COSC= 0, Testcircuit-Figure 1; unless noted.) 


PARAMETER 
SYMBOL 
LIMITS 
UNITS 
TEST 
CONDITIONS 
MIN 
TYP 
MAX 


Supply 
Current 
1+ 
110 
175 
IlA 
TA = 25°C, 
Rl = 00 


225 
IlA 
TA = OOC S TA S +70oC, 
Rl = 00 


250 
IlA 
TA = -55°C 
S TA S +125°C, 
Rl = 00 


Supply 
Voltage 
Range 
- 
Hi 
Vj!j, 
3.0 
10.0 
V 
MIN 
s TA s MAX, 
Rl = 10110, LV Open 


(Ox out of circuit)(Note 
1) 


Supply 
Yoltage 
Range 
- 
Lo 
YC1 
1.5 
3.5 
Y 
MIN 
s TA s MAX, 
RL = 10kO, LY to GROUND 
(Dx out of circuit) 


Output 
Source 
Resistance 
ROUT 
55 
100 
0 
lOUT = 20mA, 
TA = 250e 
120 
0 
lOUT = 20mA, 
ooe 
s TA S + lOoe 


140 
0 
lOUT = 20mA, 
ooe 
s TA s +85°e 
150 
0 
lOUT = 20mA, 
-55°e 
" TA s +125oe 
(Note 
2) 


250 
0 
y+ 
= 2V, lOUT = 3mA, 
LY to GROUND, 


TA = 25°e 
300 
° 


y+ 
= 2Y, lOUT = 3mA, 
LY to GROUND, 


-200esTAS 
+85°e 
400 
0 
y+ 
= 2V, lOUT = 3mA, 
LY to GROUND, 


-55oe 
s TA s +125°e 
(Note 
2) 


Oscillator 
Frequency 
fosc 
10 
kHz 


Power 
Efficiency 
PEF 
95 
98 
% 
RL = 5kO 


Voltage 
Conversion 
Efficiency 
VOUTEf 
99 
99.9 
% 
Rl=oo 


Oscillator 
Impedance 
losc 
1.0 
Mo 
y+ 
= 2Yolts 


, 
100 
ko 
y+ 
= 5Yolts 


NOTE 
1: The Maxim 
ICL7660 
can operate 
without 
an external 
output 
diode over the full temperature 
and voltage 
range. The Maxim 
ICL7660 
can also 


be used with the external 
output 
diode Ox. when replacing 
the IntersillCL7660. 


NOTE 2: Maxim ICL7660A only. 
NOTE 3: All pins are designed to withstand electrostatic discharge (ESD) levels in excess of 2000V (Mil STD8838 Method 3015.1 TestCircuit). 
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SUPPLY CURRENT CURVES below include current that 
is fed directly 
into the load (RL) from V+ (see Figure 1). 


The supply current is divided equally into the positive and 


negative 
side 
(via the 
ICL7660) 
to the 
load. 
Ideally, 


Your ~ V'N. Is ~ 21L so V'N • Is ~ 2 
• Your • IL· 


~100 
lOll 
_100 
20.0 
~ 
>- 
90 
90 
;: 90 
18.0 
" 
" 
'" 
~ so 
so '" 
~ so 
16.0 c 
c:; 
~ 
c:; 
70 
~ 
~ 70 
70 
~ 


14.0 
-< 


w 
60 


-< 
60 
12.0 " 
60 
" 
c 
z 
c 
z 
" 
0 50 
50 " 
0 
50 
10.0 ~ 
in 
~ 
in 
~ 40 
40 
40 
8.0 
2 
Z 
~ 


...• 


> 
...• 
~- 
z 
JO 
JO 
.- 
> 
JO 
6.0 
0 
TA' 
+25"C 
z 
3" 
" 
3" 
0 
20 
20 
" 
20 
4.0 ~ III 


0: 
v+· '+5V 
~ 
0: 
W~ 10 
10 
w 
10 
2.0 


~ 
~ 
0 
0 
0 
0 
~ 
10 
20 
JO 
40 
50 
60 
1.5 
3.0 
4.5 
6.0 
7.5 
9.0 


LOAD 
CURRENT 
IllmA) 
LOADCURRENT IL (mAl 


Figure 
1. Maxim 
JeL 7660 test circuit. 
(C1 and C2 should 
be increased 
to 100J1F if Case exceeds 
10pF.) Note: 
Ox not required 
with 
Maxim 
fCL7660. 


________ 
Detailed Description 


All the circuitry 
necessary to complete a voltage doubler 


is contained 
on the ICL7660. Only 2 external capacitors 


are needed. These may be inexpensive 
10l'F polarized 


electrolytic 
capacitors. 
Figure 
2, an idealized 
voltage 


doubler, illustrates ICL7660 operation. During the first half 
of the cycle, switches 82 and 84 are open, switches 8, 
and 83 are closed. and the capacitor 
Cl is charged to a 


voltage V+ During the second half cycle. switches 51 and 
83 are open, 82 and 84 are closed. and the capacitor 
C, 


undergoes 
a negative 
shift equal to V+ volts. Assuming 


ideal switches and no load on C2• charge is then transferred 
from Cl to C2 such that the voltage on C2 is exactly -(V+). 
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The four switches in Figure 2 are MOS power switches. 
Switch S, is a P-channel device, and switches S2, S3' and 
S4are N channel devices. 


To improve low voltage operation the regulator should be 
disabled 
by connecting 
the "LV" pin to Ground. This is 
recommended 
to compensate 
for the inherent 
voltage 
drop associated with the voltage regulator portion of the 
ICL7660. To prevent device damage and insure latch-free 
operation, 
the "LV" 
pin must be left open if the supply 
voltage exceeds 3.5IJ. 


______ 
Efficiency 
Considerations 


Theoretically 
a voltage multiplier can approach 100% effi- 
ciency 
if certain 
conditions 
are met. The 
ICL7660 
approaches the conditions 
listed below for negative volt- 
age multiplication 
if large values of C, and C2are used. 


<> The output switches have virtually no offset and 
extremely low ON resistance. 


<> Minimal power is consumed by the drive circuitry. 


<> The impedances of the reservoir and pump capacitors 
are negligible. 


The energy loss per charge pump cycle is: 


E = ~ C, (V+2 - 
Voul) 


There will be a substantial voltage difference 
between V+ 


and VOUT if the impedances of C, and C2 at the pump fre- 
quency 
are high compared 
to the output 
load RL. To 
reduce 
output 
ripple, 
make C2 as large in value as is 
practical. 
Increasing 
the value of both C, and C2 will 
improve the efficiency. 


<> The positive terminal of C, must be connected to Pin 2 
of the ICL7660 and the positive terminal of C2 must be 
connected to Ground. 


<> Never exceed maximum supply voltages. 


<> Do not connect the "LV" terminal to Ground for supply 


voltages greater than 3.5IJ. 


<> The output to V+ supply should not be short-circuited 


for extended 
periods of time 
when 
supply 
voltages 


exceed 5.5V. 
Transient 
conditions 
including 
startup 


are acceptable. 


_____ 
.Maximum Operating 
Limits 


The Maxim ICL7660 will operate over the entire operating 
temperature 
range with an input voltage of 1.5V to 10IJ. 


The Maxim ICL7660, unlike the Intersil device, does not 
require a protective diode in series with the output. Leav- 
ing this diode 
in the circuit 
will have no effect 
on the 


Maxim ICL7660, although the diode does reduce the out- 
put voltage by approximately 
0.6IJ. 


Changing Oscillator Frequency 


Normally the OSC pin of the ICL7660 is left open and the 
10kHz nominal oscillator frequency 
(5kHz charge pump 


frequency) 
is used. The oscillator frequency 
can be low- 


ered by connecting 
an external capacitor 
between OSC 


and V-:- A graph 
in the Typical Characteristics 
section 


shows the nominal frequency vs. capacitor value. Lower- 
ing the oscillator 
frequency 
will improve the conversion 


efficiency 
with 
very 
low output 
current 
levels. 
An 


undesirable effect of lowering the oscillator frequency 
is 


that the impedance 
level of the pump capacitors 
will 


increase. Increasing the value of C, and C2 will compen- 
sate for this increase in impedance. 


In some applications, 
particularly 
audio amplifiers, 
the 


5kHz output ripple frequency is objectionable. The oscilla- 
tor frequency 
may be increased by overdriving 
the OSC 


pin with an external oscillator. To eliminate the possibility 
of SCR latchup, insert a 1ko resistor in series with the 
OSC input. If the external clock source does not swing all 
the way to V,+ a 10ko pullup resistor should be used. The 
pump frequency, 
and therefore 
the output 
ripple 
fre- 


quency, will be one-half the external clock frequency. Driv- 
ing the ICL7660 with a higher frequency clock will slightly 
increase 
the quiescent 
current, 
but allows the use of 


smaller value external capacitors and increases the ripple 
frequency. 


Cascading Devices 


To produce larger negative multiplication 
of the initial sup- 


ply voltage, the ICL7660 may be cascaded as shown in 
Figure 3. The resulting output resistance is approximately 
equal to the weighted sum of the individuallCL7660 
ROUT 


values. For light loads, the practical 
limit is 10 devices. 


The output voltage where n is an integer representing the 
number of devices cascaded, is defined 
by VOUT = -n 


(V1N). 


Negative 
Voltage Converter 


The most common 
application 
of the ICL7660 
is as a 
charge pump voltage inverter. converting 
a positive volt- 
age to the corresponding 
negative voltage. The simple 
circuit of Figure 4 shows that only two external compon- 
ents, C1 and C2 are needed. In most applications 
C1 and 
C2 are low cost 10l'F electrolytic 
capacitors. The ICL7660 
is NOT a voltage regulator and the output source resis- 
tance is approximately 
700 with +5V input. This means 
that with an input voltage of +5V, the output voltage will 
be -5V 
under light load. but will decrease to about -4.3V 
with a 10mA load current. The output source resistance 
vs. temperature 
and supply voltage is depicted in the typi- 
cal characteristics 
graphs. The output impedance 
of the 
complete 
circuit is the sum of the ICL7660 output resis- 
tance and the impedance 
of the pump capacitors at the 
pump frequency 


The ripple voltage on the output can be calculated by not- 
ing that 
the 
output 
current 
is supplied 
solely 
from 
capacitor 
C2 during one-half 
of the charge pump cycle. 
This introduces a ripple of: 


V 
- 
lOUT 
RIPPLE- 2(FpUMP)(C2) 


For the nominal FpuMP of 5kHz (one-half of the nominal 
10kHz oscillator frequency) and a 10l'F C2• the ripple will 
be approximately 
100mV with an output current of 10mA. 


':E'10I'F 
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Paralleling 
Devices 


Paralleling multiple 
ICL7660's reduces the output resis- 


tance. As illustrated in Figure 5. each device requires its 
own pump capacitor C1• however the reservoir capacitor. 
C2• serves all devices. The equation for calculating output 
resistance is shown in Figure 5. 


ROUT (of ICL7660) 
ROUT = 
n (number of devices) 


Combined 
Positive 
Supply 
Multiplication 
and 


Negative 
Voltage Conversion 


This dual function 
is illustrated in Figure 6. In this circuit, 


capacitor C1 and C3 perform the pump and reservoir func- 
tions 
respectively 
for the generation 
of the negative 


voltage. Capacitor C2 and C4 are respectively 
pump and 


reservoir for the multiplied 
positive voltage. This circuit 


configuration, 
however, does lead to higher source imped- 


ances of the generated supplies. This is due to the finite 
impedance of the common charge pump driver. 


±5V Supply 
From a Single 
9V Battery 


Figure 7 shows a complete ±5V power supply using one 
9V battery. The ICL7660 inverts the +9V input voltage for 
-9V which is then regulated by the ICL7664 negative reg- 
ulator to a constant 
-5V 
output. The ICL7663 positive 


voltage regulator uses the +9V input directly to generate 
a regulated +5V output. The combined quiescent current 
of the Maxim ICL7660 and the two regulators is less than 
100I'A, while the output current capability is 40mA. 
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Maxim cannot assume responsibility for use of any circuitry other than circuitry entirely embodied in a Maxim product. No circuit patent 
licenses are implied. Maxim reserves the right to change the circuitry and specifications without notice at any time. 


________ 
General Description 


The Maxim ICL7663 is a high efficiency 
positive voltage 
regulator with a quiescent current of less than 1OJLA.The 
output voltage is set by two external resistors to any volt- 
age in the 1.3-16V 
range, with an input voltage range of 
1.5-16V. 
The ICL7663 is well suited for battery powered 
supplies, 
featuring 
low quiescent 
current, 40mA output 
current capability, low VIN to Your differential, and a log- 
ic input level shutdown control. In addition, the ICL7663 
has a negative temperature coefficient output suitable for 
generating 
a temperature 
compensated 
display 
drive 
voltage for multiplexed 
LCD display systems. 


The 
Maxim 
ICL7663A 
is an enhanced 
version 
of the 
ICL7663, with a 1% accurate voltage 
reference, 
which 
eliminates 
the need for trimming 
the output voltage 
in 
most applications. 


The ICL7663B is a reduced input voltage range version 
limited to a maximum of 10V input. 
___________ 
Applications 


Designed 
specifically 
for battery powered 
systems, the 
ICL7663 positive voltage regulator excels wherever 
low 
quiescent 
power, wide voltage range operation, 
medium 
output 
current 
levels, 
current 
limiting, 
and 
logic-con- 
trolled shutdown is desired. 


Handheld Instruments 


LCD Display Module and 
Systems 


Pagers 


Remote Data Loggers 


~~I~JXI~~I 
Programmable 
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Voltage Regulator 


_____________ 
Festures 


• 
Improved 
2nd Source! 
(See 3rd page for 
"Maxim 
Advantage'·"). 


• 
1% Output 
Voltage Accuracy 
(ICL7663A) 


• 
Quiescent 
Current 
guaranteed 
over Temperature 


• 
Improved 
Temperature 
Coefficient 
of 
Output 
Voltage 


• 
40mA Output 
Current, 
with Current 
Limiting 


• 
1.5V to 16V Operating 
Range 


• 
Adjustable 
Output 
Voltage 


• 
Low Input-to-Output 
Voltage 
Drop 


• 
Monolithic, 
Low Power CMOS 
Design 
_______ 
Ordering Information 


PART 
TEMP. RANGE 
PACKAGE 


ICL7663C/D 
O°C to +70°C 
Dice 


ICL663CPA 
O°C to +70°C 
8 Lead Plastic DIP 


ICL7663CSA 
O°C to +70°C 
8 Lead Small Outline 


ICL76631JA 
-20°C to +85°C 
8 Lead CERDIP 


ICL76631TV 
-20°C to +85°C 
8 Lead TO-99 


ICL7663AC/D 
O°C to +70°C 
Dice 


ICL7663ACPA 
O°C to +70°C 
8 Lead Plastic DIP 


ICL7663ACSA 
O°C to +70°C 
8 Lead Small Outline 


ICL7663AIJA 
-20°C to +85°C 
8 Lead CERDIP 


ICL7663AITV 
-20°C to +85°C 
TO-99 


ICL7663BC/D 
O°C to +70°C 
Dice 


ICL7663BCPA 
O°C to +70°C 
8 Lead Plastic DIP 


ICL7663BIJA 
-20°C to +85°C 
8 Lead CERDIP 


ICL7663BITV 
-20°C to +85°C 
8 Lead TO-99 


______ 
Typical Operating Circuit 
_ 


i 
Your 
+5Y 


1 


Positive Voltage Regulator 
( DetailedCircuitDiagram-Figure3) 


The "Maxim Advantage'·" signifies an upgraded quality level. At no additional cost we offer a second-source device that is subject to the 
(ollowing: 
guaranteed performance 
over temperature along with tighter test specifications 
on many key parameters; and device 


enhancements, when needed, that result in improved performance without changing the functionality. 
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ABSOLUTE 
MAXIMUM 
RATINGS 
Input Supply Voltage 
+ 18V 
Output Sinking Current 
Any Input or Output Voltage (Note 1) 
+ 
(Terminal 7) ...................•...•........ 
- 10mA 
(Terminals 1, 2, 3, 5, 6, 7) (GND - O.3V)to (VIN + O.3V) 
Power Dissipation (Note 2) 
Output Source Current 
Minidip 
200mW 
(Terminal 2) 
50mA 
TO-9.9Can. : 
300mW 
(Terminal 3) 
25mA 
Cerdlp (M8l(lm) 
500mW 


Stresses 
above 
those 
listed under 
"Absolute 
Maximum 
Ratings" 
may cause 
permanent 
damage 
to the device. 
These 
are stress 
ratings only and 
functional 


operation 
of the device 
at these 
or any other 
conditions 
above 
those 
indicated 
in the operational 
sections 
of the specifications 
is not implied. 
Exposure 
to absolute 
maximum 
rating 
conditions 
for extended 
periods 
may affect 
device 
reliability. 


ELECTRICAL 
CHARACTERISTICS 


VI~ = 9V, VOUT = sv, TA = 
+ 2S'C, test circu~ unless noted. 


LIMITS 
PARAMETER 
SYMBOL 
TEST CONDITIONS 
UNIT 
MIN 
TYP 
MAX 


Input Voltage 
VI~ 
ICL7663 
TA = 2S'C 
1.S 
16.0 
V 
20'C"; 
TA"; 
+70'C 
1.6 
16.0 
V 
ICL7663B 
TA = 2S'C 
1.S 
10 
V 
20'C,,; 
TA"; 
+70'C 
1.6 
10 
V 


Quiescent 
Current 
10 
{ Rl 
= 
00 
} 
VI~ = 16V, ICL7663 only 
4.0 
12 
p.A 


l.4V 
,; VOUT ,,; 8.SV 
V;~ = 9V 
3.S 
10 
p.A 


Reference 
Voltage 
VSET 
1.2 
1.3 
1.4 
V 


Temperature 
Coefficient 
lIVSET 
8.SV < VI~ < 9V 
±200 
ppm 
liT 


Line RegUlation 
lIVSET 
2V < V,~ < lSV, ICL7663 
,_..•r.B\ C" 


0.03 
%/V 
VSETlIVIN 
2V < v,t 
< 9V, ICL7663B 
0.03 
%/V 


VSET Input Current 
ISET 
,'" 
\.0''(.'' 
±0.01 
10 
nA 


Shutdown 
Input Current 
ISHDN 
\:\, .•.•... 
±0.01 
10 
nA 


Shutdown 
Input Voltage 
VSHDN 
VSHDNHI: Both VOUT Disabled 
1.4 
V 
VSHDNLO: Both VOUT Enabled 
D.3 


Sense 
Pin Input Current 
ISENSE 
0.01 
10 
nA 


Sense Pin Input Threshold 
Voltage 
Vcl 
VCl = VOUT2 - 
VSENSE 
D.7 
V 
(Current· Limit Threshold) 


Inpu1·0ulpUt Saruration 
Resistance 
RSAT 
VI~ = 2V 
200 
n 


(Note 3) 
VI~ - 
9V 
70 
n 


vlt 
= 1SV, ICL7663 only 
SD 
n 


Load Regulation 
lIVOUT 
lIIOUT1 = 100p.A @VOUT1 = SV 
2.0 
n 


lIioUT 
lIIOUT2 ~ 1DmA@VOUT2 
= SV 
1.0 


Available Output Current (VOUT2) 
IOUT2 
VI~ = 3V 
VOUT = VSET 
10 
mA 


VI~ ~ 9V 
VOUT - 
SV 
2S 
mA 


v,t = 1SV 
VOUT = SV, ICL7663 only 
40 
mA 


Negative Tempco Output (Note 4) 
VTC 
Open·Circuit 
Voltage 
0.9 
V 


ITC 
Maximum 
Sink Current 
0 
8 
2.0 
mA 


Temperature 
Coefficient 
lIVTC 


Open 
Circuit 
+2.S 
mV/'C 
liT 


Minimum 
Load Current 
Il(min) 
(Includes VSET Divider) 
1.0 
p.A 


Note 
1: Connecting 
any terminal to voltages 
greater than (V,~ + D.3Y) or less than (GND - 
D.3Y) may cause destructive 
device latCh-up. It is recommended 
that 


no inputs from sources 
operating 
on external 
power 
supplies 
be applied 
prior to ICL7663 
power·up. 


Note 2: Derate linearly above SO'C at SmW/'C 
for minidip and 7.SmW/'C 
for TO·99 can. 


Note 
3: This parameter 
refers to the saturation 
resistance 
of the MOS 
pass transistor. 
The 
minimum 
input-output 
voltage 
differential 
at low current 
(under 5mA), 


can be determined 
by multiplying 
the load current 
(including 
set resistor 
current, 
but not Quiescent 
current) 
by this resistance. 


Note 4: This output has a positive temperature 
coefficient. Using it in combination with the inverting input afthe regulator at VSET'a negative coefficient results in 


the output voltage. See Figure Stor 
details. Pin will not source current. 


The electrical characteristics above are a reproduction of a portion of Intersil's copyrighted (1983/1984) 
data book. This information does not constitute any 


representation 
by Maxim 
that tntersil's 
products 
will perform 
in accarrJanCiJ with these 
specifications. 
The "Electrical 
Characteristics 
Table" 
along 
with the 


descriptive excerpts from the original manufacturer's data sheet have been included in this data sheet solely for comparative purposes. 


Programmable 
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• 
1% Output 
Voltage 
Accuracy 
(ICL7663A) 


• 
Key 
Specifications 
Guaranteed 
Over 
Temperature 


• 
Improved 
Output 
Voltage 
Temperature 
Coefficient 


• 
Guaranteed 
Line 
and 
Load 
Regulation 


• 
Improved 
ESD Protection 
(Note 
5) 


• 
Maxim 
Quality 
and 
Reliability 


ABSOLUTE 
MAXIMUM 
RATINGS: This deviceconformsto the AbsoluteMaximumRatingson adjacentpage. 


ELECTRICAL 
CHARACTERISTICS 
Specificationsbelow satisfyor exceedall "tested" parameterson adjacentpage. 


VI~ ~ 9V, VOUT= SV,TA ~ 2S'C,test circuitunlessnoted. 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Input 
Voltage 
V,~ 
ICL7663 
TA = +25°C 
1.5 
16 
V 
Over 
Temperature 
1.6 
16 
V 
ICL7663A 
Over 
Temperature 
2.0 
16 
V 
ICL7663B 
TA = +25°C 
1.5 
10 
V 
Over 
Temperature 
1.6 
10 
V 


Quiescent 
Current 
IQ 
1.4V s: VOUT s: 8.5V, no load 


V+ 
= 9V 
IN ICL7663. 
ICL7663A, 
Over 
Temperature 
10 
p.A 
ICL7663B, TA = 25'C 
10 
p.A 
vt = 16V 
N ICL7663, 
ICL7663A. 
Over 
Temperature 
12 
p.A 


Reference 
Voltage 
VSET 
IOUT1 = 100p.A, VOUT = VSET, TA = +25'C 
ICL7663, ICL7663B 
1.2 
1.4 
V 
ICL7663A 
1.275 
1.3 
1.305 
V 


Temperature 
Coefficient 
ll.VSET 
Over 
Temperature 
100 
ppm/oC 
-;IT 


Une Regulation 
ll.VSET 
ICL7663, 
ICL7663A, 
VIN = 2 - 
15V, 


VSETll.V'N 
Over 
Temperature 
0.03 
0.35 
%/V 
ICL7663B, VIN = 2 - 
9V 
0.03 
"ioN 


VSET Input 
Current 
ISET 
ICL7663, 
ICL7663A, 
Over 
Temperature 
0.01 
10 
nA 
ICL7663B, 
TA = +25°C 
0.01 
10 
nA 


Shutdown 
Input Current 
ISHDN 
±0.01 
10 
nA 


Shutdown 
Input Voltage 
VSHDN 
VSHDNHI: Both VOUT Disabled 
1.4 
V 
Vi:HnNLO: Both VOIJT Enabled 
0.3 
V 


Sense Pin Input Current 
Ii:ENi:E 
0.01 
10 
nA 


Sense Pin Input Threshold 
VCl 
0.5 
V 


Input-output 
saturation 
RSAT 
ICL7663A, 
ICL7663 
Resistance 
(Note 3) 
VI~ : 
2V, 
loun: 
1mA 
200 
500 
n 


V'N - 
9V, 
IOUT1 - 
2mA 
70 
150 
n 


V,~ = 15V, loun= 5mA 
50 
100 
n 


Load Regulation 


ll.VOUT 
ICL7663A, 
ICL7663 
t.IOUT 
1mA s: IOUT2 s: 20mA 
1 
5 
n 
50p.A s: IOUT1 s: 5mA 
2 
10 
n 


Available 
Output Current (VOUT2) 
IOUT2 
3V s: VIN s: 16, VIN - 
VOUT2 = 1.5V 
40 
mA 


Negative-Tempco 
Output (Note 4) 
VTC 
Open-Circuit 
Voltage 
0.9 
V 


ITC 
Maximum Sink Current 
0 
8 
2.0 
mA 


Temperature 
Coefficient 


ll.VTC 
Open Circuit 
+2.5 
mVrC 
AT 
Minimum 
Load Current 
IL(mln) 
(Includes 
VSET Divider) 
TA - +25°C 
1.0 
p.A 
Over 
Temperature 
0.2 
5 
J.£A 


Note 
1: Connecting 
any terminal to voltages 
greater than (Vi~ + O.3V) or less than (GND - 
O.3V) may cause destructive 
device latch-up. 
It is recommended 
that 


no inputs from sources 
operating 
on external 
power supplies be applied prior to ICL7663 power-up. 


Note 2: Deratelineartyabove SO"Cat SmWrC for plastic minidip,7.SmWrC for TO-99can, and 10mWrC for CERDIP. 


Note 3: This parameter 
refers to the saturation 
resistance 
of the MOS pass transistor. 
The minimum input-output 
voltage 
drtferential 
at low current 
(under SmA), 


can be determined 
by mUltiplying the load current 
(including 
set resistor current, but not quiescent 
current) 
by this resistance. 


Note 4: This output has a positive temperature 
coefficient. 
Using it in combination 
with the inverting input of the regUlator at VSET, a negatrve coefficient 
results in 
the output voltage. 
See Figure 3 for details. Pin will not source current. 


Note S:All pins are designedto withstandelectrostaticdischarge(ESD)levels in excessof 2000V.(Mil Std 8838, Method301S.1Test Circu~.) 
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Detailed Description 
Block Diagram 


As shown 
in the block diagram 
of Figure 2, the main 
elements of the ICL7663 are a micropower bandgap ref- 
erence, an error amplifier, and an output driver with both 
FET and NPN bipolar transistors. 


The bandgap 
reference 
of the Maxim ICL7663A, which 
uses less than 
1p,A of quiescent 
current, 
is precisely 
trimmed to 1.29V ± 15mV. The output of the bandgap 
reference and the input voltage at the VSET terminal are 
compared 
in Amplifier 
A. This output drives the series 
pass FET output 
driver which 
is connected 
to VOUT1. 
This output, suitable for output currents less than 5mA, 
can drive low current loads with a input-to-output 
voltage 
differential 
that approaches 
OV with low current 
loads. 
The minimum 
input-to-output 
differential 
voltage 
is the 
product of the output current and the output saturati~n 
resistance. 
For higher current loads, use the VOUT2 pin. 
The VOUT2 pin is driven by an on-chip NPN bipolar tran- 
sistor whose base is internally connected 
to the VOUT1 
output. The NPN bipolar transistor of the Maxim ICL7663 
can drive up to 40mA loads with a guaranteed 
input-to- 
output differential 
of 1.5V maximum. 


Also onboard the ICL7663 is a sense comparator that will 
current limit the output when the voltage across the cur- 
rent sense resistor, 
RCL' is greater than approximately 
O.5V; a logic shutdown input that turns off the output by 
logic level control; and an a.u~i1iaryoutp~t,. VTC, t~at has 
a positive temperature coefficient. 
USing It In co.mbtnatlo~ 
with the inverting input of Amplifier A, a negallve coeffi- 
cient results in the output voltage. 


Note 1: 51 when 
closed 
disables 
output current 
limiting 


Note 
2: Close S2 for VOUT1, open S2 for VOUT2 


R2 + R, 
Note 3: VOUT = -R-, -VSET 


Note 4: 10 quiescent current is measured at GND pin by meter M 


Note 
5: Ss when ON, permits normal operation, when OFF, shuts 
down both VOUT1 and VOUT2 
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Your 1 


VOUT2 


SHUTDOWN 


GND 


______ 
~B_lJsicCircuit Operation 


Figure 3 shows a typical positive v0-Vage regulator using 
the ICL7663. The input voltage, 
VIN can range from a 
maximum of 16V to a minimum of the output voltage plus 
the input-output differential. 
The output voltage is ~e~~y 
the resistors 
R2 and R1, and the output current limit IS 
set by RCL. The O.047p,F capacitor on the input limits the 
rate-of-rise 
during power-up and also removes some of 
the high frequency 
noise on the input voltage. 
In Figure 
3, the 
logic 
shutdown 
is not 
used 
and 
is .therefore 
grounded. 
VOUT2 should 
be 
connected 
directly 
to 
SENSE if current limiting is not used. 
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Output Voltage Selection 


The output voltage can be calculated from the formula: 


( 
R2) 
(R1 + R2) 
VOUT = VSET X 
1 + R;" 
= VSET X 
--R-1- 


The Maxim ICL7663A VSET voltage is guaranteed 
to be 
1.29V ± 15mV, eliminating the need for trim pots in most 
cases. Specifically, 
using the Maxim ICL7663A and the 
resistor values shown in Figure 3, the initial voltage will 
be within 
± 2.7% of 5V, assuming 
± 1% tolerance resis- 
tors. The output voltage will remain within 5V ± 5%, over 
0-70·C. 
This tolerance 
includes the effect of ICL7663A 
VSET error, the ± 1% initial tolerance 
on both resistors, 
and the resistor 
ratio temperature 
coefficient 
of nearly 
200 ppmrC. 
Since the resistor ratio temperature 
coeffi- 
cient is generally much lower than the absolute tempera- 
ture coefficient, 
100 or 200 ppm resistors can be used, 
even over the full temperature 
range while still allowing 
the output to stay within 4.75V-5.25V. 


For 5V supplies that have a looser tolerance, 
the 5% 
resistor 
values 
of 
150kO 
and 
430kO 
or 560kO 
and 
1.6MO are suitable values for R2 and R1. With resistors 
of ±5% 
initial tolerance, the initial output voltage will be 
5V ± 8.8% and, neglecting the tempco of the resistors, 
will stay within 5V ± 
10% over the entire temperature 
range. 


Current Limiting 


The circuit in Figure 3 will limit the output current to ap- 
proximately 
35mA. Current 
limiting will start, when the 
output 
current 
exceeds 
35mA 
and 
the 
voltage 
drop 
across the 200 
RCL is 500mV. For other current limits 
the value of RCL can be calculated from the formula: 


0.7V 
I"t 
I 
RCL = --; 
where ICL is the current 
Iml va ue. 


ICL 


The current limit resistor should be chosen so that nei- 
ther the 50mA absolute maximum output current specifi- 
cation nor the maximum power dissipation 
specification 
is violated, 


Input-Output 
Differential 
Voltage 


The 
minimum 
input-output 
differential 
voltage 
(also 
called dropout voltage) sets the lower limit for the battery 
voltage in battery powered supplies. The ICL7663 has a 
dropout voltage of less than one volt. For example, the 
ICL7663 will continue to supply a regulated 5V output at 
40mA until the battery voltage is less than 6.OV. This is 
significantly 
better performance 
than the standard 3 ter- 
minal regulators 
which 
require a minimum 
input-output 
differential 
of 2-3V 
to maintain regulation. 


As shown in the Typical Characteristics 
graphs, the mini- 
mum input-output 
differential 
for the high current output, 
VOUT2, is relatively independent 
of output current, vary- 
ing from 0.6V at low current to about 0.9V at 40mA. This 
minimum 0.6V input-output 
differential 
is caused by the 
base-emitter 
voltage drop of the NPN bipolar transistor 
that drives VOUT2. 


By using VOUT1 this 0.6V minimum input-output 
differen- 
tial voltage 
is eliminated, 
but the required 
input-output 
differential 
rises more rapidly (at the rate set by the out- 
put 
saturation 
resistance 
- 
see 
Electrical 
Specifica- 
tions). 
Ordinarily, 
it is advantageous 
to use VOUT1 for 
output 
currents 
less than 5mA, and to use VOUT2 for 
higher currents. 


If a current 
limiting resistor 
is used, the voltage 
drop 
across it at the desired operating current must be added 
to obtain the minimum input-output 
differential 
required. 


Output Current Booster 


Figure 4 shows a circuit that will supply 5 volts at 1 am- 
pere, with a 6.5V input. The high power external series 
pass NPN transistor 
is connected 
in parallel with the in- 
ternal NPN transistor. 
The 1000 
resistor in series with 
VOUT2 keeps the current supplied by the ICL7663, and 
therefore the power dissipation, within the absolute maxi- 
mum ratings. 


This circuit is particularly useful for battery powered sys- 
tems that alternately draw high current, then shutdown to 
extend the battery life. 


Logic Level Shutdown 


The ability to turn off the output of the ICL7663 using a 
single 
logic 
level 
pin is useful 
in systems 
where 
the 
equipment is on intermittently. 
By shutting down the out- 
put, the total battery drain is reduced to only the quies- 
cent current of the ICL7663, typically 4JLA. The shutdown 
input should preferably 
be driven by CMOS logic since 
the input logic low level is only 0.3V. An alternate way of 
driving is with an open collector 
PNP transistor 
and a 
resistive pulldown. The pulldown resistor need only draw 
a fraction 
of a microamp 
since the Shutdown 
terminal 


input current is less than 10nA. 


Figure 4 shows a system that will supply up to 1 ampere 
of output current when active, but will shutdown to 4JLA 
quiescent current by merely switching the Shutdown pin 
to the high state. 
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Negative Temperature Coefficient Output 


The VTC pin has a positive 
temperature 
coefficient 
of 
about +2.5mV. When connected 
via a resistor to the 
inverting 
summing 
junction 
of the 
error 
amplifier 
(the 
VSET terminal), this positive coefficient 
results in a con- 


trollable negative temperature 
coefficient 
at the output of 
the ICL7663. Figure 5 shows a simplified diagram of the 
ICL7663 and the pertinent equations for setting both the 
output voltage and the output tempco. 


Negative output temperature 
coefficients 
are most com- 
monly used in multiplexed 
LCD modules or dislay sys- 
tems to compensate 
for the negative temperature 
coeffi- 
cient of the LCD threshold. 
Figure 6 shows an ICL7663 
generating 
a temperature 
compensated 
VOIS for 
the 
Maxim ICM7233 triplexed LCD display driver. 


Cautions 


The ICL7663 is designed for low quiescent current bat- 
tery powered systems and has limited line and load regu- 
lation at frequencies 
above 
10Hz. The high frequency 
load and line regulation is easily improved by adding an 
output filter capacitor across the load. 


As with all junction isolated CMOS devices, the ICL7663 
can be destroyed by SCR latchup if standard precautions 
are not observed. 
First, no pins should ever be driven 
more than 0.3V below ground or more than 0.3V above 
Vi~. Secondly, the rate-of-rise 
on Vi~ should not be ex- 
cessive. The rate-of-rise 
can be several 
hundred volts 
per microsecond 
if the Vi~ source has a low internal im- 
pedance (such as Nicad or lead-acid batteries). There is 
no current limiting resistance or inductance between the 
battery and the ICL7663, and there is no input filtering. 
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Carbon-zinc 
or alkaline 
batteries 
normally 
do not have 
sufficient current output capability to cause a rate-of-rise 
SCR, but the simple addition of a 0.1 fLF or greater by- 
pass capacitor on the input will ensure that these batter- 
ies will not cause SCR latchup. 


±5V Power Supply Using One 9V Battery 


The 
ICL7660 
inverts 
the + 9V input voltage 
to 
- 9V 
which is then regulated by the ICL7664 negative regula- 
tor to a constant 
-5V 
output (Refer to Figure 7). The 
ICL7663 positive voltage regulator 
uses the + 9V input 
directly to generate a regulated + 5V output. The com- 
bined quiescent 
current of the Maxim ICL7660 and the 
two regulators is less than 100fLA, while the output cur- 
rent capability is 40mA. The external oscillator capacitor 
reduces the oscillation 
frequency 
of the ICL7660. This 
allows the battery voltage to be inverted more efficiently. 


Figure 6. Driving e Multiplexed 
LCD Display. Consislenl 
operation 
over more 
than 40·C temperature 
span, as opposed 
to about 
to·C 
with a fixed drive 
voltage, 
is allowed 
by negative 
temperature 
coefficient 
drive 
voltage 
to the 
displays. 8ased 
on EPSON LD8-728 
Display or eqUivalent 
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_______ 
General Description 


The 
ICL7664 
is a high 
efficiency 
negative 
voltage 
regulator 
with a quiescent 
current 
of less than 
10JLA. 


The output 
voltage 
is set by two external 
resistors 
to 
any voltage 
in the -1.3V to -16V range, with an input 
voltage range of-2Vto 
-16V. The ICL7664 is well suited 


for battery 
powered 
supplies, 
with 
a 10JLA quiescent 


current, 
an output 
current 
capability 
of 25mA, low VIN 


to VOUT differential, 
current 
limiting, 
and a logic input 


level shutdown 
control. 


The 
Maxim 
ICL7664 
is compatible 
with 
existing 


ICL7664 
designs 
when 
used 
with 
an output 
filter 


capacitor 
of 10JLFor greater. 


The ICL7664A 
is an enhanced 
version of the ICL7664, 


with a 1% accurate 
voltage reference, 
which eliminates 


the 
need 
for 
trimming 
the 
output 
voltage 
in most 


applications. 
_________ 
Applications 


Designed specifically 
for battery powered systems, the 


ICL7664 
negative 
voltage 
regulator 
excels 
wherever 


low quiescent 
power, 
wide 
voltage 
range 
operation, 
medium 
output 
current 
levels, 
current 
limiting, 
and 


logic-controlled 
shutdown 
is desired. 


Handheld 
Instruments 
LCD Display 
Modules 
and Systems 
Pagers 
Remote 
Data Loggers 


~~I~JXI~~I 
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Features 


• 
1% Output Voltage Accuracy (ICL7664A) 


• 
-2V to -16V Operating Range 


• 
25mA Output Current, with Current Limiting 


• 
Adjustable Output Voltage 


• 
Low Input-to-Output 
Voltage Drop 


• 
Low Power CMOS: 4JLAQuiescent Current 


PART 
TEMP. 
RANGE 
PACKAGE 


ICL7664C/D 
DOCto +7DoC 
Dice 


ICL7664CJA 
DOCto +7DoC 
8 Lead Cerdip 


ICL7664CPA 
DOCto +7DoC 
8 Lead Plastic Dip 


ICL7664CSA 
DOCto +7DoC 
8 Lead Small Outline 


ICL7664CTV 
DOCto +7DoC 
8 Lead TO-99 Can 


ICL7664AC/D 
DOCto +7DoC 
Dice 


ICL7664ACJA 
DOCto +7DoC 
8 Lead Cerdip 


ICL7664ACPA 
DOCto +7DoC 
8 Lead Plastic Dip 


ICL7664ACSA 
DOCto +7DoC 
8 Lead Small Outline 


ICL7664ACTV 
DOCto +7DoC 
8 Lead TO-99 Can 
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ABSOLUTE MAXIMUM RATINGS 


Input 
Supply 
Voltage........................... 
-18V 
Input 
or Output 
Voltage 
(Note 
1) 
..... 
(GND 
+ 0,3V) 
to 
Terminals 
(1, 3, 5. 6. 7) 
(V,i\i - 0,3V) 
Sense 
Pin 
" 
•.....••.•....•.... 
(GND 
+ 0,3V) 
to 
(Pin 
2) 
(VOUTl - 0,3V) 
Output 
Sink 
Current 
(Terminals 
1, 7) 
.............•............... 
-25mA 
Power 
Dissipation 
(Note 
2) 
Minidip 
......•. 
, •..................•....•.. 
200mW 
TO-99 
Can 
300mW 
CERDIP 
500mW 


Operating 
Temperature 
Range 
ICL7664CID 
0° C to +70° C 
ICL7664CPA 
O°Cto 
+70°C 
ICL76641JA 
.......•...•........•.... 
-20°C 
to +85°C 
ICL76641TV 
-20°C 
to +85°C 
Storage 
Temperature 
...............•• 
-65°C 
to +150°C 
Lead 
Temperature 
(Soldering. 
10 seconds) 
.... 
+300°C 


Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. These are stress ratings only 
and functional 
operation of the device at these or any other conditions 
above those indicated in the operational sections of the specifications 
is not implied, Exposure to absolute maximum rating conditions 
for extended periods may affect device reliability, 


ELECTRICAL CHARACTERISTICS 
V,N = -9V. VOUT= -5V. TA = +25° C. test circuit 
unless 
noted 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Input Voltage 
V,N 
O°C:s TA:S +70°C 
-2,0 
-16,0 
V 


Rl = "'. -1.4V:S VOUT:S-8,5V 
Quiescent Current 
10 
V-'N = -16V. O°C:S TA:s +70°C 
4,0 
12 
IlA 
V-'N =-9V, O°C:S TA:S +70°C 
3,5 
10 
IlA 


lOUT= 1OOIlA,VOUT= VSET 
Reference Voltage 
VSET 
ICL7664A 
-1,275 
-1,29 
-1,305 
V 
ICL7664 
-1,2 
-1,3 
-1.4 
V 


Temperature Coefficient 
6VSET 
±100 
ppmfOC 
-;rr 


Line Regulation 
6VSET 
-2V:S V-,N:S -15V 
0.03 
0.35 
'ioN 
VSET6V,N 


VSETInput Current 
ISET 
O°C:S TA:S +70°C 
±0,01 
±10 
nA 


Shutdown 
Input Current 
ISHDN 
GND:S VSHON:SV,N 
±0,01 
±10 
nA 


Shutdown 
Input Voltage 
VSHDN 
VSHDNHI:Both VOUTEnabled 
-0,7 
V 
VSHDNLO:Both VOUTDisabled 
-1,7 
V 


Sense Pin Input Current 
ISENSE 
VSENSE 
=' Voun 
±0,01 
±10 
nA 


Sense Pin Input Threshold 
VCl 
VCl = VOUT2- VSENSE 
-0,7 
V 
(Current-Limit 
Threshold) 


VOUTl Connected 
to VOUT2 
Input-Output 
Saturation 
Resistance 
ROUT 
V-'N = -2V 
150 
500 
n 


(Note 3) 
'V-'N = -9V 
40 
80 
n 


V-'N = 15V 
30 
60 
n 


Load Regulation 
6VOUT 
610UT= 100ilA 
2.0 
5,0 
n 
610UT 


Output Current. 
lOUT 
V-'N =-3V 
VOUT= VSET 
-2 
mA 
Voun 
connected 
to VOUT2 
V-'N =-9V 
VOUT= -5V 
-20 
mA 


Minimum 
Load Current 
IllMINI 
aoc:s: TA:S: +70°C 
1,0 
IlA 
(Includes VSETDivider) 


Note 
1: 
Connecting any terminal to voltages greater than (GND 
+ O.3V) or less than (V-IN -O.3V) 
may cause 
destructive 
device 
latch-up. 
It is 
recommended 
that no inputs from sources operating 
on external power supplies be applied prior to ICL7664 power-up. 
Note 2: 
Derate linearly above sooe at SmW/oC 
for minidip and 7.5mW/oC 
for TO-99 can. 
Not83: 
This parameter 
refers to the saturation 
resistance of the MOS pass transistor. The minimum input-output 
voltage differential 
can be determined 


by multiplying 
the load current (including 
set resistor current, but not quiescent current) 
by this resistance. 
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Note 1: Closing 
51 disables 
current 
limiting. 


Note 
2: Quiescent 
current, 
la. is measured 
at the GNO pin by meter M. 


A, + A2 
Note 3: Vour 
- 
-A-, 
- 
x VSET 


O.7V 
ICl:=:- 
ACl 


Note 4: The value of Cl must be 1OIolF or greater to ensure stability. 


Block Diagram 


As shown 
in the block 
diagram 
of Figure 2, the main 


elements 
of the ICL7664 
are a micropower 
bandgap 


reference, 
an error 
amplifier, 
and two n channel 
FET 
output 
drivers. 


The bandgap 
reference 
of the ICL7664A, 
which 
uses 


less than 1p.A of quiescent 
current, 
is precisely trimmed 
to 1.29 ± 15mV. The output 
of the bandgap 
reference 
and the input voltage at the VSETterminal are compared 
in Amplifier 
A. This output 
drives the series pass FET 


output 
drivers 
which 
are connected 
to 
VOUT1 and 


VOUT2. These outputs, 
suitable 
for output 
currents 
of 
up .to 50mA total, can drive low current 
loads with an 


input-to-output 
voltage differential 
that approaches 
Ov. 


The minimum 
input-to-output 
voltage increases at the 


rate of lOUT x RSAT. 


Also onboard 
the ICL7664 is a sense comparator 
that 
will current 
limit the output when the voltage across the 


current 
sense 
resistor, 
RcL. is greater 
than approxi- 
mately O.7V; and a logic shutdown 
input that turns off 


the output 
by logic level control. 


______ 
Basic Circuit 
Operation 


Figure 
3 shows 
a typical 
negative 
volt<'!.ge regulator 


using the ICL7664. The input voltage, 
VIN, can range 


from a maximum 
of -16V to a minimum 
of the output 


voltage 
plus the input-output 
differential. 
The output 


voltage is set by the resistors R2 and R1, and the output 
current 
limit is set by RCL.The O.047p.Fcapacitor 
on the 


input is used to limit the rate-of-rise 
during 
power-up 


and also removes some of the high frequency 
noise on 


the input voltage. 
In Figure 3, the logic shutdown 
is not 


used 
and 
is therefore 
grounded. 
VOUT1 and 
VOUT2 


should 
be connected 
directly 
to 
SENSE 
if current 


limiting 
is not used. 
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O.7V 
CL=- 
ACl 


Output Voltage Selection 


The output voltage can be calculated 
from the formula: 


VOUT = VSET x R1;1 R2 


The ICL7664A VSETvoltage is guaranteed 
to be 1.29V ± 
15mV at 25°C, 
eliminating 
the need for trim 
pots in 
most cases. Specifically, 
using the ICL7664A 
and the 
resistor values shown in Figure 3, the initial voltage will 
be 
within 
±2.7% 
of 
5V, assuming 
±1% 
tolerance 
resistors. The output voltage will still be within 5V ± 5%, 
including 
the ICL7664A 
effects 
of the VSET error, the 


±1% initial tolerance 
on both resistors, and the resistor 
ratio temperature 
coefficient 
of nearly 200ppm. 
Since 
the resistor 
ratio temperature 
coefficient 
is generally 
much lower than the absolute 
temperature 
coefficient, 
100 or 200ppm 
resistors can be used, even over the full 
temperature 
range 
while 
still 
guaranteeing 
that 
the 
output 
will stay within 
4.75V to 5.25V. 


For 5V supplies 
that have a looser 
tolerance, 
the 5% 
resistor values of 1.6MO and 560kO are suitable values 
for R2 and R1. With resistors 
of ±5% initial 
tolerance, 
the initial output 
voltage will be 5V ± 8.7%. 


Current Limiting 


The circuit 
in Figure 3 will limit the output 
current 
to 
approximately 
25mA. Current 
limiting 
will start when 
the output 
current 
exceeds 25mA and the voltage drop 
across the 270 RCL is 700mV. For other current 
limits 
the value of RCL can be calculated 
from the formula: 


RCL = 0.7V; where ICL is the current 
limit value. 
ICL 


The current 
limit 
resistor 
should 
be chosen 
so that 
neither 
the 50mA 
absolute 
maximum 
output 
current 
specification 
(25mA each from VOUT1 and VOUT2) nor 
the 
maximum 
power 
dissipation 
specification 
is 
violated. 


The 
ICL7664 
activates 
current 
limiting 
by internally 
pulling 
the VSETterminal 
down towards 
V'N. The main 
error 
amplifier 
then 
reacts as if the output 
voltage 
is 
greater 
than the desired 
output 
voltage, 
and shuts off 
the output. 
For this current 
limiting 
action to work, the 
parallel 
resistance 
of the voltage 
divider 
connected 
to 
VSET must be greater than 10kO. 


Input-Output 
Differential Voltage 


The 
minimum 
input-output 
diUerential 
voltage 
(also 
called dropout 
voltage) 
sets the lower limit for usable 
battery 
voltage 
in battery 
powered 
supplies. 
In the 
ICL7664, the minimum 
input-output 
differential 
voltage 
is the product 
of the output 
current 
and the ICL7664 
output saturation 
resistance. See the typical characteris- 
tics graphs 
for a plot of input-output 
differential 
vs. 
output 
current. 


Output Current Boosmr 


Figure 4 shows 
a circuit 
that will supply 
-5 volts at 2 
amperes, 
with a 6.5V input. The base of the high power 
external 
series pass PNP transistor 
is driven by VOUT1 


Programmable 
Negative 
Voltage Regulator 


and VOUT2 in parallel. 
This circuit 
is useful in circuits 
where 
the 
50mA 
maximum 
output 
current 
of 
the 
ICL7664 
is inadequate, 
with 
the 
only 
limitation 
to 
output 
current 
being that the ICL7664 must not supply 
more 
than 
50mA 
of base drive 
to the external 
PNP 
transistor. 
With a beta of 40, the output 
current 
would 
be a maximum 
of 2 amperes. 


This circuit 
is particularly 
useful for battery 
powered 
systems 
that 
alternately 
draw 
high 
current, 
then 
shut down to extend 
the battery 
life. In the shutdown 
state, the circuit will draw only the 4J1.A typical quiescent 
current 
of the ICL7664, plus the leakage current 
of the 
transistor, 
which 
is normally 
less than 
1J1.A. 


Logic Level Shutdown 


The ability 
to turn off the output 
of the ICL7664 using a 
single 
logic 
level pin is useful 
in systems 
where 
the 
equipment 
is on intermittently. 
The Shutdown 
input 
should 
preferably 
be driven 
by CMOS 
logic since the 
input logic high level is only -0.3V. An alternate 
way of 
driving 
is with an open collector 
PNP transistor 
and a 
resistive 
pullup 
to ground. 
The 
pullup 
resistor 
need 
only draw a fraction 
of a microamp 
since the Shutdown 
terminal 
input current 
is less than 10nA. 


Figure 4 shows a circuit that will supply up to 2 amperes 
of output 
current 
when active, 
but will shut down 
to 
4J1.A 
quiescent 
current 
by 
merely 
switching 
the 
Shutdown 
pin to the high state. 


Cautions 


While the ICL7664 
is stable under 
most conditions, 
a 
10J1.Foutput 
filter 
capacitor 
is required 
to 
ensure 
stability 
under all conditions. 
This output 
filter capaci- 
tor will also improve 
the high frequency 
line and load 
regulation. 


As 
with 
all 
junction 
isolated 
CMOS 
devices, 
the 
ICL7664 can be destroyed 
by SCR latchup 
if standard 
precautions 
are not observed. First, no pins should ever 
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Voltage Regulator 


be driven more than ±0.3V above ground 
or more than 
-0.3V below the VIN. Secondly, 
the rate-of-rise 
on VIN 
should not be excessive. The rate-of-rise 
can be several 
hundred 
volts per microsecond 
if the VIN source 
has a 
low internal 
impedance 
(such 
as Nicad 
or lead-acid 
batteries). 
There 
is no current 
limiting 
resistance 
or 
inductance 
between 
the battery and the ICL7664, and 
there 
is no input 
filtering. 
Carbon-zinc 
and alkaline 
batteries normally 
do not have sufficient 
current output 
capability 
to cause a rate-of-rise 
SCR, but the simple 
addition 
of a 0.1/-IFor greater 
bypass capacitor 
on the 
input will ensure that these batteries will not cause SCR 
latch up. 


+ 
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Figure 5 shows a combined 
application 
of the ICL7664, 


an ICL7663 positive regulator, and the ICL7660 voltage 
inverter in a ±5V regulated 
power supply whose power 
source 
is a single +9V battery. The ICL7660 inverts the 
+9V input voltage to -9V which 
is then regulated 
by the 
ICL7664 
negative 
regulator 
to a constant 
-5V output. 


The ICL7663 
positive 
voltage 
regulator 
uses the +9V 
input directly 
to generate 
a regulated 
+5V output. 
The 
combined 
quiescent 
current of the Maxim ICL7660 and 
the two regulators 
is less than 100/-lA, while the output 
current 
capability 
is 40mA. 
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_______ 
Gener.1 Description 


The ICL7665 
is a low power 
dual over/under 
voltage 


detector 
drawing 
a typical 
operating 
current 
of only 
3JJA The trip points 
and hysteresis 
of the two voltage 
detectors 
are individually 
programmed 
via external 
resistors 
to 
any 
voltage 
greater 
than 
1.3V. 
The 
ICL7665 
will 
operate 
from 
any 
supply 
voltage 
in 
the 
1.6V to 
16V range, 
while 
monitoring 
voltages 


from 
1.3V to several 
hundred 
volts. 


The Maxim 
ICL7665 
and ICL7665B 
are equivalent 
to 
the original 
manufacturer's 
parts in both pinout 
and 
specification. 
The 
Maxim 
ICL7665A 
is an improved 
version 
with 
a 2% accurate 
VSET1 threshold 
and 
guaranteed 
performance 
over temperature. 
All three 
versions 
of the Maxim 
ICL7665 undergo 
100% burn-in 
and are rigorously 
tested at temperature 
extremes 
to 
enhance 
their 
quality 
and reliability. 
__________ 
Applications 


The 
3p.A quiescent 
current 
of the 
ICL7665 
makes 
it ideal 
for 
voltage 
monitoring 
in battery 
powered 
systems. 
In both 
battery 
and line-powered 
systems, 
the 
unique 
combination 
of 
a reference, 
two 
com- 
parators 
and 
hysteresis 
outputs 
reduces 
size 
and 
component 
count 
of many 
circuits. 
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Dual Over/Under 
Voltage Detector 
___________ 
Features 


• 
Improved 
2nd Source! 
(See 3rd page for 
"Maxim 
Advantage 
T 
""). 


• 
Dual Comparator 
with 
Precision 
Internal 
Reference 


• 
3p.A Operating 
Current 


• 
2% Threshold 
Accuracy 
(ICL7665A) 


• 
1.6V to 16V Supply 
Voltage 
Range 


• 
Onboard 
Hysteresis 
Outputs 


• 
Trip Points 
Externally 
Programmable 


• 
Monolithic, 
Low Power CMOS Design 


PART 
TEMP. RANGE 
PACKAGE 


ICL7665C/D' 
DOCto +7DoC 
Dice 


ICL7665CJA' 
DOCto +7DoC 
8 Lead Cerdip 


ICL7665CPA' 
DOCto +7DoC 
8 Lead Plastic Dip 


ICL7665CSA' 
DOCto +7DoC 
8 Lead Small Outline 


ICL7665CTV' 
DOCto +7DoC 
8 Lead TO-99 


ICL7665AC/D 
DOCto +7DoC 
Dice 


ICL7665ACJA 
DOCto +7DoC 
8 Lead Cerdip 


ICL7665ACPA 
DOCto +7DoC 
8 Lead Plastic Dip 


ICL7665ACSA 
DOCto +7DoC 
8 Lead Small Outline 


ICL7665ACTV 
DOCto +7DoC 
8 Lead TO-99 


The "Maxim Advantage'·" signifies an upgraded quality level. At no additional cost we offer a second-source device that is subject to the 
following: 
guaranteed performance 
over temperature along with tighter test specifications 
on many key parameters; and device 


enhancements, when needed, that result in improved performance without changing the functionality. 


III 


Dual Over/Under 
Voltage Detector 


ABSOLUTE 
MAXIMUM 
RATINGS 
Supply Voltage (Note 2) 
-0.3V to +18V 
Output Voltages OUT1 and OUT2 


(with respect to GND) (Note 2) 
-0.3V to +18V 
Output Voltages HYST1 and HYST2 


(with respect to V+) (Note 2) 
+0.3V to -18V 


Input Voltages SET1 and SET2 


(Note 2) 
(GND - 0.3V) to (V+ + 0.3V) 
Maximum Sink Output Current 
OUT1 and OUT2 
25mA 
Maximum Source Output Current 
HYST1 and HYST2 
-25mA 


Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the device. These are stress ratings only. 


and functional 
operation of the device at these or any other conditions 
above those indicated in the operational sections of the specifications 
is not implied. Exposure to absolute maximum rating conditions 
for extended periods may affect device reliability. 


ELECTRICAL CHARACTERISTICS 
v+ =; 5V, TA=; +25°C, test circuit 
unless otherwise 
specified. 


Power Dissipation 
(Note 1) ......•............ 
200mW 


Operating Temperature Range 
ICL7665BCPA· 
, 
O°C to +70°C 


ICL7665BCTV· 
, 
, ..•... 
O°C to +70°C 


ICL7665BCSO· 
O°C to +70°C 


ICL7665BC/D· 
O°C to +70°C 


Storage Temperature Range 
-65°C to +160°C 


Lead Temperature 
(Soldering, 10 seconds) 
+300°C 


LIMITS 
PARAMETER 
SYMBOL 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Operating 
Supply 
Voltage 
V+ 
TA=; +25°C 
1.6 
16.0 
V 
-20°C $ TA $ +70°C 
1.8 
16.0 


GND $ VSET1.VSET2$ V+ 
All Outputs 
Open Circuit 


Supply 
Current 
1+ 
V+ =; 2V 
2.5 
10 


V+ =; 9V 
2.6 
10 
I'A 
V+ =; 15V 
2.9 
15 


Input Trip Voltage 
VSETl 
1.15 
1.3 
1.45 
V 
VSET2 
1.2 
1.3 
1.4 


Temperature 
Coefficient 
of VSET 
~VSET 
200 
ppm/oC 


~T 
'" 


Supply 
Voltage Sensitivity 
~VSET 
ROUT1,ROUT2,RHYST1,RHYST2=; lMll 
0.004 
%N 
of VSETl, VSET2 
~VS 


10LK 
VSET=; OV or VSET2: 2V 
$\\J 


10 
200 
Output 
Leakage Currents 
IHLK 
-10 
-100 
nA 
on OUT and HYST 
10LK 
V+ =; 15V, TA =; 70°C 
~ 
2000 


IHLK 
V+ =; 15V, TA =; 70°C 
-500 


Voun 
V+ =; 2V, VSEn =; 2V, loun 
=; 2mA 
0.2 
05 


Voun 
V+ =; 5V, VSEn =; 2V, loun 
=; 2mA 
0.1 
0.3 


Voun 
V+ =; 15V, VSETl =; 2V, loun 
=; 2mA 
0.06 
0.2 


VHYSTl 
V+ =; 2V, VSEn =; 2V, IHYSn =; -0.5mA 
-0.15 
-0.3 
VHYST' 
V+ =; 5V, VSEn =; 2V, IHysn 
=; -0.5mA 
-0.05 
-0.15 


Output 
Saturation 
Voltages 
VHYSTl 
V+ =; 15V, VSETl =; 2V, IHYST' =; -0.5mA 
-0.02 
-0.10 
V 
VOUT2 
V+ =; 2V, VSET2=; OV, IOUT2=; 2mA 
0.2 
0.5 


VOUT2 
V+ =; 5V, VSET2=; OV, IOUT2=; 2mA 
0.15 
0.3 


VOUT2 
V+ =; 15V, VSET2=; OV, IOUT2=; 2mA 
0.11 
0.25 


~ 
VHYST2 
V+ =; 2V, VSET2=; 2V, IHYST2=; -0.2mA 
-0.25 
-0.8 


VHYST2 
V+ =; 5V, VSET2=; 2V, IHYST2=; -0.5mA 
-0.43 
-1.0 


VHYST2 
V+ =; 15V, VSET2=; 2V, IHYST2=; -0.5mA 
-0.35 
-0.8 


VSETInput Leakage Current 
ISET 
GND $ VSET$ V+ 
0.01 
10 
nA 


~VSET Input for Complete 
~VSET 
ROUT=; 4.7kll, 
RHYST=; 20kll 
1 
Output 
Change 
VouTLO=; 
1% V+, VouTHI =; 99% V+ 
mV 


Difference 
in Trip Voltages 
VSEn-VSET2 
ROUT, RHYST=; 1Mil 
±5 
±50 


Output/Hysteresis 
Difference 
ROUT, RHYST=; 1Mil 
±1 


Note 1: 
Derate above +25°C ambient temperature 
at 4mW/oC. 


Note 2: 
Due to the SCR structure 
inherent 
in the CMOS process used to fabricate 
these devices, connecting 
any terminal 
to voltages 


greater than (V+ +0.3V) or less than (GND - 0.3V) may cause destructive 
device latchup. For this reason, it is recommended 
that 


no inputs from external 
sources not operating 
from the same power supply be applied to the device before its supply is estab- 


lished, and that in multiple supply systems, the supply to the ICL7665 be turned on first. If this is not possible, currents 
into inputs 


and/or outputs 
must be limited to ±0.5mA and voltages must not exceed those defined 
above. 


The electrical 
characteristics 
above are a reproduction 
of a portion 
of Intersil's copyrighted 
(1983/1984) 
data book. This information 
does not constitute 
any 
representation 
by Maxim that Intersil's products 
will perform 
in accordance 
with these specifications. 
The "Electrical 
Characteristics 
Table" along with the 


descriptive 
excerpts 
from the original 
manufacturer's 
data sheet have been included 
in this data sheet solely 
for comparative 
purposes. 


Dual Over/Under 
Voltage Detector 


ABSOLUTE MAXIMUM RATINGS: 
This device conforms 
to the Absolute Maximum Ratings on adjacent page. 


ELECTRICAL CHARACTERISTICS: 
ICL7665 specifications 
below satisfy or exceed all "tested" 
parameters 
on 
adjacent page. (v+ = 5V, TA = +25°C, test circuit 
unless noted.) 


PARAMETER 
SYMBOL 
TEST CONDITIONS 
ICL7665A 
ICL7665 
UNITS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


TA=+25°C 
1.6 
16.0 
V 


Operating 
Supply Voltage 
V+ 
-20°C S TAS +70°C 
1.8 
16.0 
V 
0°CSTAS+70°C 
2.0 
16.0 
V 


GND::; YSET1,YSET2S Y+ 
All Outputs Open Circuit 


Supply Current 
1+ 
O°CSTA S HO°C 
(ICL7665A only) 


Y+=2Y 
2.5 
10 
2.5 
10 
I'A 


Y+=9Y 
2.6 
10 
2.6 
10 
I'A 


Y+ = 15Y 
2.9 
15 
2.9 
15 
I'A 


Input Trip Yoltage 
YSET1 
1.275 
1.3 
1.325 
1.15 
1.3 
1.45 
V 


YSET2 
1.225 
1.3 
1.375 
1.2 
1.3 
1.4 
V 


Temperature 
Coefficient 
.lVSET 
100 
200 
ppm/oC 
OfYSET 
.lT 


Supply Voltage Sensitivity 
.lVSET 


ROUT1,RouT2. RHYST1,RHYST2= 1Mil 
.004 
'ioN 
of VSEn, VSET2 
.004 
.lVs 


IOLK 
VSET= OV or VSET'" 2V 
10 
200 
10 
200 
nA 


Output Leakage Currents 
IHLK 
-10 
-100 
-10 
-100 
nA 


of OUT and HYST 
tOLK 
V+ = 15V, TA = 70°C 
2000 
2000 
nA 


IHLK 
V+= 15V, TA= 70°C 
-500 
-500 
nA 


Voun 
V+ = 2V, VSEn = 2V, loun 
= 2mA 
0.2 
0.2 
0.5 
V 


Voun 
V+ = 5V, VSEn = 2V, loun 
= 2mA 
0.1 
0.3 
0.1 
0.3 
V 
VOUTl 
V+ = 15V, VSETl = 2V, loun 
= 2mA 
0.06 
0.2 
0.06 
0.2 
V 


VHYSTl 
V+ = 2V, VSEn = 2V, IHYSn = -0.5mA 
-0.15 
-0.3 
-0.15 
-0.3 
V 


VHYSn 
V+ = 5V, VSEn = 2V, IHYSn = -0.5mA 
-0.05 
-0.15 
-0.05 
-0.15 
V 


Output Saturation 
Voltages 
VHYSn 
V+ = 15V, VSEn = 2V, IHYSn = -0.5mA 
-0.02 
-0.10 
-0.02 
-0.10 
V 


VOUT2 
V+ = 2V, VSET2= OV,IOUT2= 2mA 
0.2 
0.5 
0.2 
0.5 
V 
VOUT2 
V+ = 5V, VSET2= OV,IOUT2= 2mA 
0.15 
0.3 
0.15 
0.3 
V 
VOUT2 
V+ = 15V, VSET2= OV,IOUT2= 2mA 
0.11 
0.25 
0.11 
0.25 
V 


VHYST2 
V+ = 2V, VSET2= 2V, IHYST2= -0.2mA 
-0.25 
-0.8 
-0.25 
-0.8 
V 


VHYST2 
V+ = 5V, VSET2= 2V, IHYST2= -0.5mA 
-0.43 
-1.0 
-0.43 
-1.0 
V 
VHYST2 
V+ = 15V, VSET2= 2V, IHYST2= -0.5mA 
-0.35 
-1.0 
-0.35 
-0.8 
V 


VSETInput Leakage Current 
ISET 
GND S VSETS V+ 
±0.01 
±10 
±0.01 
±10 
nA 


.lYSET Input for Complete 
.lYSET 
ROUT= 4.7kn, RHYST= 20kll 
0.1 
1.0 
mV 
Output Change 
YouTLO = 1% V+,YouTHI = 99"/. Y+ 


Difference 
in Trip Voltages 
VSET1-VSET2 ROUT,RHYST= 1Mil 
+5 
+50 
+5 
+50 
mV 


Output/Hysteresis 
Difference 
ROUT,RHYST= 1Mll 
±0.1 
±1 
mV 


Dual Over/Under 
.Voltage Detector 


ABSOLUTE 
MAXIMUM 
RATINGS 


Supply Voltage (Note 2) 
-0.3V to +12V 
Output Voltages OUT1 and OUT2 


(with respect to GND) (Note 2) 
-0.3V to +12V 
Output Voltages HYST1 and HYST2 
(with respect to V+) (Note 2) 
+0.3V to -12V 
Input Voltages SET1 and SET2 


(Note 2) 
(GND - 0.3V) to (V+ + 0.3V) 
Maximum Sink Output Current 
OUT1 and OUT2 
25mA 
Maximum Source Output Current 
HYST1 and HYST2 
-25mA 


Power Dissipation 
(Note 1) 
200mW 


Operating Temperature Range 
ICL7665BCPA 
O°C to +70°C 


ICL7665BCTV 
O°C to +70°C 


ICL7665BCSO 
.............•......... 
O°C to +70°C 


ICL7665BC/D 
O°C to +70°C 


Storage Temperature Range 
...•...... 
-65°C to +160°C 


Lead Temperature 


(Soldering, 10 seconds) 
+300°C 


Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the device. These are stress ratings only, 
and functional 
operation of the device at these or any other conditions 
above those indicated in the operational sections of the specifications 
is not implied. Exposure to absolute maximum rating conditions 
for extended periods may affect device reliability. 
ELECTRICAL CHARACTERISTICS, 
ICL7665B 


(V+ = 5V, TA = +25°C, test circuit 
unless noted.) 


LIMITS 
PARAMETER 
SYMBOL 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Operating 
Supply 
Voltage 
V+ 
TA = +25°C 
1.6 
10 
V 
0", 
TA '" +70°C 
1.8 
10 


GND '" VSET1,VSET2'" V+ 


Supply Current 
1+ 
All Outputs 
Open Circuit 
V+ = 2V 
2.5 
10 


V+ = 9V 
2.6 
10 
I'A 


Input Trip Voltage 
VSETl 
1.15 
1.3 
1.45 
V 
VSET2 
1.2 
1.3 
1.4 


Temperature 
Coefficient 
of VSET 


.lVSET 


±200 
ppm/oC 


.IT 


Supply Voltage Sensitivity 
.lVSET 
ROUTl, ROUT2,RHYSTl, RHYST2= 1Mfl 
0.004 
%/V 
--- 
of VSET1,VSET2 
.lVs 


10LK 
VSET= OV or VSET? 2V 
10 
200 


Output 
Leakage Currents 
IHLK 
-10 
-100 
nA 
on OUT and HYST 
10LK 
V+ = 9V, TA = 70°C 
2000 
IHLK 
V+ = 9V, TA = 70°C 
-500 


VOUTl 
V+ = 2V, VSETl = 2V, 10UTl = 2mA 
0.2 
0.5 
VOUTl 
V+ = 5V, VSETl = 2V, IOUT1= 2mA 
0.1 
0.3 


VOUTl 
V+ = 9V, VSET1= 2V, IOUT1= 2mA 
0.06 
0.25 


VHYSTl 
V+ = 2V, VSETl = 2V, IHYSTl = -O.SmA 
-0.15 
-0.3 
VHYST1 
V+ = SV, VSETl = 2V, IHYSTl = -O.SmA 
-0.05 
-0.15 


Output 
Saturation 
Voltages 
VHYSTl 
V+ = 9V, VSETl = 2V, IHYSTl = -O.SmA 
-0.02 
-0.15 
V 


VOUT2 
V+ = 2V, VSET2= OV, IOUT2= 2mA 
0.2 
0.5 
VOUT2 
V+ = SV, VSET2= OV, IOUT2= 2mA 
0.15 
0.3 
VOUT2 
V+ = 9V, VSET2= OV, IOUT2= 2mA 
0.11 
0.3 


VHYST2 
V+ = 2V, VSET2= 2V, IHYST2= -0.2mA 
-0.25 
-0.8 


VHYST2 
V+ = SV, VSET2= 2V, IHYST2= -0.5mA 
-0.43 
-1 


VHYST2 
V+ = 9V, VSET2= 2V, IHYST2= -0.5mA 
-0.35 
-1 


VSETInput Leakage Current 
ISET 
GND '" VSET'" V+ 
0.01 
10 
nA 


.lVSET Input for Complete 
.lVSET 
ROUT= 4.7kfl, 
RHYST= 20kll 
1 
Output 
Change 
VouTLO = 1% V+, VOUTHI = 99% V+ 
mV 


Difference 
in Trip Voltages 
~SETl-VSET2 
ROUT, RHYST= 1Mil 
±S 
±50 


Output/Hysteresis 
Difference 
ROUT, RHYST= 1Mil 
±1 


Note 1: 
Derate above +2SoC ambient temperature 
at4mW/oC. 


Note 2: 
Due to the SCR structure 
inherent 
in the CMOS process used to fabricate 
these devices, connecting 
any terminal 
to voltages 


greater than (V+ +O.3V) or less than (GND - 0.3V) may cause destructive 
device latchup. For this reason, it is recommended 
that 


no inputs from external sources not operating 
from the same power supply be applied to the device before its supply is estab- 


lished, and that in multiple supply systems, the supply to the ICL766S be turned on first 
If this is not possible, currents into inputs 


and/or 
outputs 
must be limited to ±O.SmA and voltages must not exceed those defineci above. 


Dual Over/Under 
Voltage Detector 


LIMITS 
PARAMETER 
SYMBOL 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Output 
Delay Times 
tSOld 
VSETSwitched 
from 1.OV to 1.6V 
85 


Input Going 
HI 
tSHld 
ROUT= 4.7kO. CL = 12pF 
90 
Jis 
tS02d 
55 
tSH2d 
RHYST= 20kO. CL = 12pF 
55 


tSOld 
VSETSwitched 
from 1.6V to 1.0V 
75 


Input Going 
LO 
tSHld 
ROUT= 4.7kO. CL = 12pF 
80 
Jis 
tS02d 
60 
tSH2d 
RHYST= 2OkO. CL = 12pF 
60 


tOl, 
VSETSwitched 
between 
1.0V and 1.6V 
0.6 


Output 
Rise Times 
t02, 
ROUT= 4.7kO. CL = 12pF 
0.8 
JiS 


tH1r 
7.5 
tH2, 
RHYST= 20kO. CL = 12pF 
0.7 


tOlf 
VSETSwitched 
between 
1.OVand 1.6V 
0.6 


Output 
Fall Times 
t021 
ROUT= 4.7kO. CL = 12pF 
0.7 


Jis 
tHlf 
4 


tH21 
RHYST= 20kO. CL = 12pF 
1.8 


Dual Over/Under 
Voltage Detector 
Typical Operating Characteristics 


SUPPLY CURRENT AS A 
SUPPLY CURRENT AS A 
FUNCTION OF SUPPLY VOLTAGE 
FUNCTION OF AMBIENT TEMPERATURE 
M 
U 
OV:$ VSETl. VHT2 S y+ 


OUT1 SATURATION VOLTAGEAS A 
FUNCTION OF OUTPUT CURRENT 


2.0 


HYST1 OUTPUT SATURATION VOLTAGE 
vs HYSTl OUTPUT CURRENT 
-20 
-18 
-12 
-8 


TAa+2.s-C 


-1.0 
~1.5 
~ 
Z 
,,:r 
0 


-20 g~ 
i= 
'" 
II: 
Zo 
~ 
1.0 
C5~ 
'" 
-3.0 i~ 


<II.. 
y+= 2V 
"'" 
3 
~ 
0.5 
-4.0 
> 


.,.L 
INPUT- 
OUTPUT 
HYSTERESIS 


VSET1> 1.3V 
oun ; ON ; 
LOW 
HYSTl ; 
ON ; HI 


VSETl < 1.3V 
OUT; 
OFF; 
HI 
HYSTl ; OFF; 
LOW 


VSET2> 1.3V 
OUT2 ; OFF; 
HI 
HYST2 ; ON ; 
HI 


VSET2< 1.3V 
OUT2 ; ON ; 
LOW HYST2 ; OFF; 
LOW 


OUTl 
is an inverting output, all others are non-inverting. 


OUTl 
and OUT2 are open drain N-channel current sinks. 


HYSTl and HYST2 are open drain P-channel current sources. 
'See Electrical Characteristics for exact input threshold range. 


TO.,.L 


~oun 


______ 
Detailed Description 


As shown in the block diagram of Figure 2,the Maxim 
ICL7665 combines a 1.3V reference with two com- 
parators, two open drain n-channel outputs, and two 
open drain p-channel hysteresis outputs. The refer- 
ence and comparator 
are very low power linear 
CMOS circuits, 
with a total operating 
current of 
10j.LAmaximum, 3j.LAtypical. The n-channel outputs 
can sink greater than 10mA but are unable to source 
any current. These outputs are suitable for wired OR 
connections and capable of driving TTL inputs when 
an external pullup resistor is added. 
The ICL7665 Truth Table is shown in Table I. OUT1 
is an inverting output, all other outputs are non- 
inverting. HYST1 and HYST2 are p-channel current 
sources whose sources are connected to V+.OUT1 
and OUT2 are n-channel current sinks with their 
sources 
connected 
to 
ground. 
Both OUT1 and 
OUT2 can drive at least one TTL load with a VOL 
of 0.4V. 
In spite of the very low operating 
current, 
the 
ICL7665 has a typical 
propagation 
delay of only 
75/ls. Since the comparator input bias current and 
the output leakages are very low, high impedance 
external resistors can be used. This design feature 
minimizes both the total supply current used and 
loading on the voltage source that is being monitored. 


Basic Over/Under- Voltage 
Detection Circuits 
Figures 3, 4, and 5 show the three basic voltage 
detection circuits. 
The simplest circuit, depicted in Figure 3, does not 
have any 
hysteresis. The comparator 
trip 
point 
formulas can easily be derived by observing that the 
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comparator changes state when the VSETinput is 
1.3V. The external resistors are simply a voltage 
divider that attenuates the input signal. This ensures 
that the VSETterminal 
is at 1.3V when the input 
voltage is at the desired comparator trip point. Since 
the bias current of the comparator is only a fraction 
of a nA the current in the voltage divider can be less 
than one /lA without 
losing accuracy due to bias 
currents. The ICL7665A has a 2%threshold accuracy 
at 25°C and a typical temperature coefficient of 100 
ppm/oC including comparator off~et drift, e.liminat- 
ing the need for external potentiometers 
In most 
applications. 
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Figure 
4 adds 
another 
resistor 
to 
each 
voltage 


detector. 
This 
third 
resistor 
supplies 
current 
from 


the HYST output 
whenever 
the VSETinput is above 


the 
1.3V 
threshold. 
As 
the 
formulas 
show, 
this 
hysteresis 
resistor 
affects 
only the lower trip point. 


Hysteresis 
(defined 
as the difference 
between 
the 
upper 
and lower 
trip 
points) 
keeps noise or small 


variations 
in the input signal from repeatedly 
switch- 


ing the output when the input signal remains near the 
trip point for a long period of time. 


The third 
basic 
circuit 
(Figure 
5). is suitable 
only 
when 
the voltage 
to be detected 
is also the power 
supply 
voltage for the ICL7665. This circuit 
has the 
advantage that all of the current flowing through 
the 


input 
divider 
resistors 
flows through 
the hysteresis 
resistor. This allows the use of higher value resistors 
without 
hysteresis 
output 
leakage having an appre- 


ciable effect on the trip point. 


Figure 3 


1) First choose 
a value for R11. The value of R11 


determines 
the amount 
of current 
flowing 
through 


the input 
divider, 
equal to VSET/R11. R11 can typi- 
cally be in the range of 10kl1 to 10Ml1. 


2) Choose R21 based on the previously 
chosen R11 


and the desired trip point. 


R21 = R11 x 
VTRIP- VSET = R11 X 
VTRIP- 1.3V 
VSET 
1.3V 


Figure 4 


1) Choose 
a resistor 
value for R11. Typical 
values 
are in the 10kl1 to 10Ml1 range. 


2) Calculate 
R21 for the desired 
upper 
trip 
point, 
Vu using the formula 


R21 =R11 
x 
VU-VSET 
=R11 
x 
Vu-1.3V 
VSET 
1.3V 


3) Calculate R31 for the desired amount of hysteresis: 


R31 = 
R21 x (V+ - VSET) 
R21 x (V+ -1.3V) 
Vu - VL 
Vu - VL 


or if V+ = VIN: 


R31 = 
R21 x (VL - VSET) = R21 x (VL - 1.3V) 


Vu - VL 
Vu - VL 


4) The trip voltages are not affected by the absolute 
value of the resistors as long as the impedances 
are 
high 
enough 
that 
the 
resistance 
of 
R31 is much 
greater 
than the HYST output's 
resistance 
and the 
current 
through 
R31 is much 
lower than the HYST 


output's 
leakage 
current. 
Normally 
R31 will 
be in 


the 100kfl to 22Ml1 range. Multiplying 
or dividing 
all 
three resistors 
by the same factor will not affect the 


trip voltages. 


Figure 5 


1) First select a value for R11, usually between 10kl1 
and 10Ml1. 


2) Calculate 
R21. 


R21 = R11 x 
VL - VSET = R11 X 
VL - 1.3V 
VSET 
1.3V 


3) Calculate 
R31 


R31 = R11 x 
Vu -VL 
VSET 


4) As in the other 
circuits, 
all three resistor 
values 


may be scaled up or down in value without 
changing 


. Vu and VL. Vu and VL depend 
only on the ratio of 


the three 
resistors 
if the absolute 
values are such 


that the hysteresis output 
resistance and the leakage 


currents 
of the 
VSET input 
and 
hysteresis 
output 


can be ignored. 


Fault Monitor 
for a Single Supply 


Figure 
6 shows 
a typical 
over/under-voltage 
fault 


monitor 
for a single 
supply. 
In this case the upper 


trip points 
(controlling 
OUT1) are centered 
on 5.5V, 


with 100mV of hysteresis (Vu = 5.55V, VL = 5.45V); and 
the lower trip points (controlling 
OUT2) are centered 


on 4.5V, also with 
100mV of hysteresis. 
OUT1 and 


OUT2 
are connected 
together 
in a wired 
OR con- 


figuration 
to generate a Power OK signal. 


Multiple 
Supply 
Fault Monitor 


The 
ICL7665 
can 
simultaneously 
monitor 
several 


power 
supplies, 
as shown 
in Figure 7. The easiest 


way to calculate 
the resistor 
values is to note that 


when 
the VSET input 
is at the trip 
point 
(1.3V), the 


current 
through 
R11 is 1.3V/R11. The sum of the 


currents 
through 
R21A, R21Band 
R31 must equal 


this current 
when the two input voltages 
are at the 


desired low voltage detection 
point. Ordinarily 
R21A 


and R21B are chosen so that the current through 
the 


two resistors 
is equal. Note that since the voltage at 


the ICL7665 
VSET input depends 
on the voltage 
of 


both supplies 
being 
monitored, 
there will be some 


interaction 
between 
the low voltage 
trip 
points 
for 


the two supplies. 
In this example 
OUT1 will go low 


when either supply 
is 10% below nominal 
(assuming 


the other supply 
is at the nominal 
voltage), 
or when 


both supplies 
are 5% or more below their nominal 


voltage. R31 sets the hysteresis, 
in this case, to about 


43mV at the 5V supply 
or 170mV at the 15V supply. 


The second 
section 
of the ICL7665 can be used to 


detect overvoltage, 
or as shown 
in Figure 7, can be 


used 
to 
detect 
the 
absence 
of negative 
supplies. 


Note that the trip points for OUT2 depend on both 
the voltages 
of the negative power supplies 
and the 


actual voltage of the +5V supply. 


OVER VOLTAGE 
DETECTOR 
Vu"'S.SSY 
VL "'S.4SY 


UNOER VOLTAGE 
OETECTOR 
Vu "'4.S5Y 
YL·4.45Y 
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ICL7665 


Combination 
Low Battery 
Warning 
and Low Battery Disconnect 


Nickel 
Cadmium 
(NiCad) 
batteries 
are 
excellent 
rechargeable 
power sources for portable equipment, 
but care must be taken to ensure that NiCad batteries 
are not damaged 
by overdischarge. 
Specifically, 
a 
NiCad battery should 
not be discharged 
to the point 
where the polarity 
of lowest capacity 
cell is reversed 
and that cell is reverse charged 
by the higher capa- 
city 
cells. 
This 
reverse 
charging 
will 
dramatically 
reduce 
the 
life of a NiCad 
battery. 
Figure 
8 both 
prevents 
reverse 
charging 
and 
also 
gives 
a low 
battery 
warning. 
A 
typical 
low 
battery 
warning 
voltage 
is 1V per cell. Since a NiCad "9V" battery is 
ordinarily 
made up of 6 cells with a nominal 
voltage 
of 7.2V, a low battery 
warning 
of 6V is appropriate, 
with 
a small hysteresis 
of 100mV. To prevent 
over- 
discharge 
of a battery 
the load should 
be discon- 
nected when the battery voltage is 1V x (N-1), where 


N = number 
of cells. In this case the low battery load 
disconnect 
should 
occur 
at 5V. Since 
the 
battery 
voltage 
will 
rise when 
the 
load 
is disconnected, 


800mV 
of 
hysteresis 
is used 
to 
prevent 
repeated 
on-off 
cycling. 


Power Fall Warning and 
PoweruplPowerdown 
Reset 


Figure 9 illustrates 
a power fail warning 
circuit which 
monitors 
raw DC input 
voltage 
to the 7805 three 
terminal 
5V regulator. The Power Fail warning 
signal 
goes high when the unregulated 
DC input falls below 
8.0V. When the raw DC power source is disconnected 
or the AC power 
fails, 
the voltage 
on the input 
of 
the 7805 decays 
at a rate of IOUl/C 
(in this case 
200mV/ms). 
Since the 7805 will continue 
to provide 
5V out at 1A until 
VIN is less than 7.3V, this circuit 


will give at least 3.5ms of warning before the 5V output 
begins to drop. If additional 
warning 
time is needed, 


Dual Over/Under 
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.MAXI.NI 
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115kO 
2.2MO 


VSl!T1 
VSI!T2 


mET 


OR 


WRITE 
ENABLE 


POWER 


FAIL 


WARNING 


either the trip voltage 
or filter capacitance 
should 
be 


increased 
or the output 
current 
should 
be decreased. 


The ICL7665 
OUT2 
is set to trip when the 5V output 


has decayed 
to 3.9V. This 
output 
can 
be used 
to 
prevent 
the 
microprocessor 
from 
writing 
spurious 


data to a CMOS 
battery 
backup 
memory, 
or can be 
used to activate 
a battery 
backup 
system. 


AC Power Fall and Brownout 
Detector 


By monitoring 
the secondary 
of the transformer, 
the 
circuit 
in Figure 
10 performs 
the same power 
failure 


warning 
function 
as Figure 
9. With a normal 
110VAC 


input to the transformer, 
OUT1 will discharge 
C1 every 


16.7ms when the peak transformer 
secondary 
voltage 
exceeds 
10.2V. When the 110VAC power line voltage is 
either interrupted 
or reduced so that the peak voltage is 


less than 10.2V, C1 will be charged 
through 
R1. OUT2, 
the Power 
Fail Warning 
output, 
goes high when the 
voltage on C1 reaches 1.3V.The time constant 
R1 x C1 
determines 
the 
delay 
time 
before 
the 
Power 
Fail 
Warning 
signal is activated, 
in this case 42msor2% 
line 
cycles. 
Optional 
components 
R2, R3 and 
01 
add 
hysteresis 
by increasing 
the peak secondary 
voltage 


required 
to discharge 
C1 once the Power Fail Warning 
is active. 


Battery Swltchover 
Circuit 


The 
circuit 
in 
Figure 
11 performs 
two 
functions: 
switching 
the 
power 
supply 
of a CMOS 
memory 
to a backup 
battery 
when 
the line-powered 
supply 


is turned 
off, and lighting 
a low-battery-warning 
LED 
when 
the 
backup 
battery 
is nearly 
discharged. 
The 
PNP transistor, 
01, 
connects 
the line-powered 
+5V 
to the 
CMOS 
memory 
whenever 
the 
line-powered 


+5V supply 
voltage 
is greater 
than 3.5V. The voltage 
drop 
across 
01 
will 
only 
be a couple 
of hundred 
mV since 
it will 
be saturated. 
Whenever 
the 
input 


voltage falls below 3.5V. OUT1 goes high, turns off 01 
and connects 
the 3V lithium 
cell to the CMOS memory. 
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The second 
voltage 
detector 
of the ICL 7665 monitors 
the voltage 
of the lithium 
cell. 
If the battery 
voltage 


falls below 2.6V, OUT2 goes low and the low-battery- 
warning 
LED 
turns 
on 
(assuming 
that 
the 
+5V is 


present, 
of course). 


Another 
possible 
use for the second 
section 
of the 


ICL7665 
is the detection 
of the input 
voltage 
falling 


below 4.5V. This signal 
could then be used to prevent 
the 
microprocessor 
from 
writing 
spurious 
data 
to 


the CMOS 
memory 
while 
its power supply 
voltage 
is 


outside 
its guaranteed 
operating 
range. 


Simple High/Low 
Temperature 
Alarm 


The circuit 
in Figure 
12 is asimple 
high/low 
tempera- 


ture alarm 
which 
uses a low cost 
NPN transistor 
as 
the sensor 
and an ICL7665 
as the high/low 
detector. 


The 
NPN 
transistor 
and 
potentiometer 
R1 form 
a 


Vbe multiplier 
whose 
output 
voltage 
is determined 
by the Vbe of the transistor 
and the position 
of R1's 


wiper 
arm. 
The voltage 
at the top of R1 will 
have a 


temperature 
coefficient 
of approximately 
-5mVloC. 


R1 is set so that the voltage 
at VSET2 is equal 
to the 


VSET2trip 
voltage 
when the temperature 
of the NPN 
transistor 
reaches 
the temperature 
selected 
for the 
high temperature 
alarm 
desired. 
R2 can be adjusted 
so that 
the voltage 
at VSET1 is 1.3V when 
the NPN 
transistor's 
temperature 
reaches 
the 
low 
tempera- 


ture limit. 


_________ 
SCR Latchup 


Like all junction 
isolated 
CMOS circuits, 
the ICL7665 


has an inherent 
4 layer 
or SCR structure 
that 
can 
be triggered 
into destructive 
latchup 
under 
certain 
conditions. 
Avoid 
destructive 
latchup 
by following 
these 
precautions: 


1) If either 
VSET terminal 
can be driven 
to a voltage 
greater 
than 
V+ or less than 
ground, 
limit 
the input 


current 
to 500pA maximum. 
Usually 
an input voltage 


divider 
resistance 
can be chosen to ensure the input 
current 
remains 
below 500jLA, even when the input 
voltage 
is applied 
before 
the 
ICL7665 
V+ supply 


is connected. 


2) Limit 
the 
rate-of-rise 
of V+ by using 
a bypass 
capacitor 
near the ICL7665. Rate-of-rise 
SCRs rarely 
occur 
unless: a) the battery 
has a low impedance 
- 
as is the case with 
NiCad 
and lead acid batteries; 


b) the battery 
is connected 
directly 
to the ICL7665 
or is switched 
on via a mechanical 
switch 
with low 
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resistance 
and 
c) there 
is little 
or no input 
filter 


capacitance 
near 
the 
ICL7665. 
In 
line-powered 
systems 
the rate-of-rise 
is usually 
limited 
by other 


factors 
and will not cause a rate-of-rise 
SCR action 
under normal circumstances. 


3) Limit 
the 
maximum 
supply 
voltage 
(including 
transient 
spikes) to 18V. Likewise limit the maximum 
voltage 
on OUT1 and OUT2 to +18V and the maxi- 


mum voltage on HYST1 and HYST2 to 18V below V+. 
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PURPOSE 


NPN 


TRANSISTOR) 


R1 
~~~H 


TEMPERATURE 


LIMIT 


ADJUSTMENT 
IDJiM 
SIGNAL 
FOR DRIVING 
LEOS, BEllS, 
ETC 


Dual Over/Under 
Voltage Detector 


Display Drivers/Counters 


MAX7231 
MAX7232 
MAX7233 
MAX7234 
ICM7211 
ICM7212 
ICM7217 
ICM7218 
ICM7224 
ICM7225 
ICM7228 
MM74C945 
MM74C947 


8 Digit 
Triplexed 
LCD 
Decoder/Driver 
7-1 


10 Digit Triplexed 
LCD 
Decoder/Driver 
7-1 


4 Character 
Triplexed 
LCD 
Decoder/Driver 
7-1 


5 Character 
Triplexed 
LCD 
Decoder/Driver 
7-1 


4 Digit 
LCD 
Decoder/Driver 
7-17 


4 Digit 
LED Decoder/Driver 
7-17 


4 Digit 
LED Presettable 
Up/Down 
Counter 
7-33 


8 Digit 
Multiplexed 
LED Decoder/Driver 
7-41 


4% Digit 
LCD 
High Speed 
Counter/Decoder/Driver 
7-53 


4% Digit 
LED High Speed 
Counter/Decoder/Driver 
7-53 


8 Digit LED Display 
Driver 
7-41 


4 Digit Up/Down 
Counter/Decoder/Driver 
7-61 


4 Digit Up/Down 
Counter/DecoderlDriver 
7-61 


I.CD and I.ED Display Drivers 


Part 
Input 
Formula 
Display 
Formats 
4-Digit 
8-Diglt 
10-Digit 
4-Char 
5-Char 
LCD 
LED 
Page 


Number 
No. 


MAX7231 
6-bit Parallel 
Hex, BCD, or Code 
X 
X 
7-1 


B, plus 16 
annunciators 


MAX7232 
Bit Serial 
Hex, BCD, or Code 
X 
X 
7-1 


B, plus 20 


annunciators 
MAX7233 
6-bit Parallel 
Upper Case ASCII 
X 
X 
7-1 


MAX7234 
Bit Serial 
Upper Case ASCII 
X 
X 
7-1 


ICM7211 
IlP and Muxed 4-bit Hex, BCD and 
X 
X 
7-17 


Code B 
ICM7212 
IlP and Muxed 4-bit Hex, BCD and 
X 
X 
7-17 


Code B 


ICM72181 
8-bit Parallel 
Hex, BCD, Code B, 
X 
X 
7-41 


ICM7228 
plus No Decode 


Counters and Timers 


Part 
Description 
Maximum 
Output 
Speed 
Supply 
Supply 
Features 
Page 


Number 
Count 
(MHzmax) 
Voltage 
Current 
No. 


ICM7217 
4 Digit Up/Down 
9999 
C.A.LED 
2 
4.5Vto5.5V 
350m A typ 
Equals and Zero 
7-33 


ICM7217A 
4 Digit Up/Down 
9999 
C.C.LED 
2 
4.5Vto5.5V 
100mA typ 
outputs, counter 
7-33 


ICM7217B 
4 Digit Up/Down 
5959 
C.A. LED 
2 
4.5Vto5.5V 
200m A typ 
preset and pre- 
7-33 


ICM7217C 
4 Digit Up/Down 
5959 
C.C.LED 
2 
4.5Vto5.5V 
100mAtyp 
determining 
register 7-33 


set by thumb- 
wheel switches 


ICM7224 
4-1/2 Digit 
19,999 
LCD 
15 
3Vto 
16V 
25I'A max 
7-53 
ICM7225 
4-1/2 Digit 
19,999 
C.A.LED 
15 
3V to 6V 
2s..A max 
7-53 


ICM7240 
8 Bit Binary 
1-255 
open drain 
15 
2Vto 
16V 
500~max 
RC oscillator or 
6-1 


ex1. clock 


ICM7242 
Rxed8Bit 
128/256 
CMOS 
15 
2Vto 
16V 
500~max 
Programmable 
8-1 


Time outs 


ICM7250 
2 Digit BCD 
1-99 
open drain 
15 
2Vto 
16V 
500~max 
RC oscillator 
or 
8-1 


ex1. clock 
ICM7260 
2 DigitTimer 
1-59 
open drain 
15 
2Vto 
16V 
500~max 
RC oscillator 
or 
8-1 


ex1. clock 


ICM7555 
CMOS 555 Timer 
CMOS 
0.5 
2Vto 
18V 
120~max 
8-9 
ICM7556 
CMOS 556 Timer 
CMOS 
0.5 
2Vto 
18V 
24~max 
8-9 


MM74C945 
4 Digit Up/Down 
9,999 
LCD 
3 
3V to 6V 
60~max 
7-61 


MM74C947 
4 Digit Up/Down 
9,999 
LCD 
3 
3Vto6V 
6O~max 
7-61 


NOTE: 
C.A. LED", Common Anode lED Display 


C.C. LED ; Common Cathode LED Display 


______ 
Genera' Description 


The MAX7231/32/33/34 family of integrated circuits 
is a complete line of triplexed liquid crystal display 
(LCD) drivers. These devices interface microproces- 
sors (or digital systems) to multiplexed numeric and 
alphanumeric displays. The MAX7231 drives 8 digits 
and accepts data in a parallel format. The MAX7232 
drives 10 digits and accepts data in a serial format. 
Both devices feature two independent annunciators 
per digit. The MAX7233 drives 4 alphanumeric 
18 
segment characters. The MAX7234 drives 5 alpha- 
numeric 18 segment characters. 
Each device includes an input buffer, digit address 
decoding 
circuitry 
and 
mask-programmed 
ROM 
allowing six bits of input data to be decoded into 
64 independent 
combinations 
of the output seg- 
ments of each digit. This offloads the microprocessor 
system, reducing the ROM space and CPU time 
needed to service a display. 
_________ 
Applications 


These low-power LCD drivers are ideal for micro- 
processor-based portable applications where power 
consumption 
is a primary concern. Many applica- 
tions also take advantage of the annunciator drive 
capability, 
which 
allows 
unlimited 
variations 
of 
display layout. 


Portable instrumentation 
Industrial equipment 
Telecommunications 
Medical equipment 
Panel Meters 
Machine control 


~~I~JXI~~I 
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---- 
Features 


• 
MAX7231 
drives 8 dlgits/7 
segments; parallel 
input format; 2 annunciators 
per digit 


• 
MAX7232 
drives 10 digltsn 
segments; serial 
input format; 2 annunciators 
per digit 


• 
MAX7233 
drives 4 alphanumeric 
characters/ 
18 segments; parallel 
input format 


• 
MAX7234 
drives 5 alphanumeric 
characters/ 
18 segments; serial Input format 


• 
On-chip 
oscillator 


• 
Direct Interface to microprocessors 


• 
Monolithic, Low Power CMOS 
Design 


PART 
TEMP. RANGE 
PACKAGE 


MAX7231AFIPL 
-20°C to +85°C 
40 Lead Plastic DIP 


MAX7231BFIPL 
-20°C to +85°C 
40 Lead Plastic DIP 


MAX7231CFIPL 
-20°C to +85°C 
40 Lead Plastic DIP 


MAX7232AFIPL 
-20°C to +85°C 
40 Lead Plastic DIP 


MAX7232BFIPL 
-20°C to +85°C 
40 Lead Plastic DIP 


MAX7232CFIPL 
-20°C to +85°C 
40 Lead Plastic DIP 


MAX7233AFIPL 
-20°C to +85°C 
40 Lead Plastic DIP 


MAX7233BFIPL 
-20°C to +85°C 
40 Lead Plastic DIP 


MAX7234AFIPL 
-20°C to +85°C 
40 Lead Plastic DIP 
I 


MAX7234BFIPL 
-20°C to +85°C 
40 Lead Plastic DIP 
I 


Top View 


40 Lead DIP 
•........•. ..-- 
CS1""""4QV+ 


YOISP 
2 
3t 


COM1 
3 
31 


COM2.. 
37 


COM3 
5 
38 


12 
6 
3S 


1V 
7 
34 


1X 
8 
33 


2Z 
9MA:~23132 


2Y10SF31 


2X 
11 
CF 
30 
3Z 
12 
29 


3V 
13 
28 


3X 
14 
27 


42 
15 
2e 


4Y 
16 
25 
4X 
17 
24 


52 [ 
18 
23 


5Y[ 
19 
22 
SY 
5X[ 
20 
21p6Z 


;;if4 
0 
0 
888:!i~z;'~:C~~ 


854321 
1 


MAX7231 
AF 
SF 
CF 
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DEVICE 
OUTPUT 
CODE 
ANNUNCIATOR 
LOCATIONS 
INPUT 
OUTPUT 


MAX7231AF 
Hexdecimal 
Both Annunicators 
Parallel Entry 
8 Digits 


MAX7231BF 
Code B 
on COM3 
4 bit Data 
plus 
MAX7231CF 
Code B 
1 Annunciator 
COM1 
2 bit Annunciators 
16 Annunciators 


1 Annunciator 
COM3 
3 bit Address 


MAX7232AF 
Hexadecimal 
Both Annunciators 
Serial Entry 
10 Digits 
MAX7232BF 
Code B 
on COM3 
4 bit Data 
plus 
2 Bit Annunciators 
20 Annunciators 


MAX7232CF 
Code B 
1 Annunciator 
COM1 
4 bit Address 
1 Annunciator 
COM3 


MAX7233AF 
64 Character 
(ASCII) 
No independent 
Parallel Entry 6 bit (ASCII) 
Four 
18 Segment 
Annunciators 
Data 
Characters 
(Half width numbers) 
2 bit Address 


MAX7233BF 
64 Character 
(ASCII) 
No Independent 
Parallel Entry 6 bit (ASCII) 
Four 
18 Segment 
Annunciators 
Data 
Characters 


(Full width numbers) 
2 bit Address 


MAX7234AF 
64 Character 
(ASCII) 
No Independent 
Serial Entry 6 bit (ASCII) 
Five 
18 Segment 
Annunciators 
Data 
Characters 


(Half width numbers) 
3 bit Address 


MAX7234BF 
64 Character 
(ASCII) 
No Independent 
Serial Entry 6 bit (ASCII) 
Five 
18 Segment 
Annunciators 
Data 
Characters 
(Full width numbers) 
3 bit Address 


Ordering Information 


(Continued 
from front page) 


PART 
TEMP. RANGE 
PACKAGE 


MAX7231AFIQ 
-20·C 
to +85·C 
44 Lead Plastic Chip Carrier 


MAX7231 BFIQ 
-20·C 
to +85·C 
44 Lead Plastic Chip Carrier 


MAX7231CFIQ 
-20· C to +85· C 
44 Lead Plastic Chip Carrier 


MAX7232AFIQ 
-20· C to +85· C 
44 Lead Plastic Chip Carrier 


MAX7232BFIQ 
-20·C 
to +85·C 
44 Lead Plastic Chip Carrier 


MAX7232CFIQ 
-20·C 
to +85·C 
44 Lead Plastic Chip Carrier 


MAX7233AFIQ 
-20·C 
to +85·C 
44 Lead Plastic Chip Carrier 


MAX7233BFIQ 
-20· C to +85· C 
44 Lead Plastic Chip Carrier 


MAX7234AFIQ 
-20· C to +85· C 
44 Lead Plastic Chip Carrier 


MAX7234BFIQ 
-20· C to +85· C 
44 Lead Piastic Chip Carrier 


1Z 7 
31 'Ox 


lY 
lOY 


1X 
II 
37 
102 


2Z 
MAX7232 
ex 


2Y 11 
AF 
35 IV 


NlC 12 
SF 
34 Nle 


2X1 
CF 
92 


3Z 
14 
32 ax 


3Y 
31 
IY 


3X 1. 
8Z 


42 17 
:lI 7X 


'-11'!!1"11B 
"~lElIlflI~2211§'§Irn~3!re!r 
?;~~~:~t1t:J::!~ 


40 Lead DIP 


DATA 
CLOCK 


INPUT 


VOISP 


COMl 


COM2 


COM3 


lZ 


1Y 
,X 


2Z 


2V 


2X 


3Z 


3V 


3X 
•• 
'V 
ex 


5Z 


SV 


sX 


co 
V' 
3t 
OS2 
,. 
A' 


37 
AO 


38 
GND 


35 
Ds 
" 
D' 
D3 


D2 
D, 


DO 
'U 
'V.w 
ex 


4Y 
•• 
3U 


3V 


3W 


40 Lead DIP 


OATA 
CLOCK 


INPUT 


YDlSf" 


COMl 


COM2 


COM3 
'Z 
,V 
,x 
,W 


IV 
'U 
2Z 


2V 


2X 


2W 


2V 


2U 


3Z 


3V 


3X 


V' 


WRlTE'INPUT 


DATA 
INPUT 


OATA ACCEPTED 


GND 
OUTPUT 


5U 


SV 


SW 


SX 


SV 


sZ 
'U 
'V 
.w 
ex 
.V 
•• 
3U 


3V 


3W 


V' 
Wiii'iTr INPUT 


DATA 
INPUT 


DATA 
ACCEPTED 


QND 
OUTPUT 


lOX 


lOV 


lOZ 


IX 
IV 
IZ 


BX 


BV 


BZ 


7X 


7Y 


7Z 


BX 
IV 


BZ 
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Stresses above those listed under "Absolute 
Maximum 
Ratings" 


may cause permanent 
damage to the device. These are stress 
ratings 
only, and functional 
operation 
of the device at these or 


any other 
conditions 
above those 
indicated 
in the operational 


sections 
of the specifications 
is not limited. 
Exposure 
to abso- 


lute maximum 
rating conditions 
for extended 
periods may affect 


device reliability. 


Power 
Dissipation 
(Note 
1) 
...........•. 
0.5 W @ 85°C 


Supply 
Voltage 
(V+) 
..........•.................. 
6.5V 


Input 
Voltage 
(Note 
2) 
.............• 
-0.3V 
~ VIN ~ 6.5V 


Display 
Voltage 
(Note 
2) ......•••... 
-0.3V 
to V+ + 0.3V 


Operating 
Temperature 
Range 
-20°C 
to +85°C 


Storage 
Temperature 
Range 
.....•... 
-65°C 
to +160°C 


Soldering 
Temperature 
(10 seconds) 
....•..... 
+300°C 
ELECTRICAL CHARACTERISTICS 
(V+ = +5V ±10%, TA = -20°C to +85°C unless noted) 


PARAMETER 
SYMBOL 
CONDITIONS/DESCRIPTION 
MIN 
TYP 
MAX 
UNITS 


Power Supply 
Voltage 
V+ 
4.5 
5.5 
V 


Data Retention 
V+ 
Guaranteed 
Retention 
at 2V 
2 
1.6 
V 
Supply Voltage 


Logic Supply 
Current 
1+ 
Current from V+ to Ground 
30 
100 
I"A 
excluding 
Display, VOISP= 2V 


Shutdown 
Total Current 
Is 
VDlSPPin 2 Open, TA - +25°C 
1 
10 
I"A 


Display 
Voltage Range 
VOISP 
Ground $ VOISP$ V+ 
0 
V+ 
V 


Display Voltage 
IOlsP 
VOISP= (V' - 3V), Current 
from V' to 
15 
25 
I"A 
Setup Current 
VOISPOn-Chip 
(Note 3), TA = +25°C 


Display 
Voltage Setup 
ROlsP 
One of Three Identical Resistors 
40 
75 
kfl 
Resistor Value 
in String 
(Note 3), TA = +25°C 


DC Component 
of 
Sample Test only, VOISP= OV 
1/4 
1 
% (V+-VOISP) 
Display 
Signals 


Display 
Frame Rate 
fOlsP 
See Figure 2, TA = +25°C 
60 
90 
120 
Hz 


Input Low Level (Note 3) 
VIL 
MAX7231, MAX7233 
MAX7232, MAX7234 
0.8 
V 


Input High Level (Note 3) 
VIH 
Pins 1,30-35,37-39 
Pins 1, 38, 39 
2.0 
V 


Input Leakage 
IiLK 
MAX7231, MAX7233 
MAX7232, MAX7234 
0.1 
1 
I"A 


Input Capacitance 
CIN 
Pins 1,30-35, 
37-39 
Pins 1, 38, 39 
5 
pF 


Output 
Low Level 
VOL 
Pin 37, MAX7232, MAX7234, 
10L= 1mA, 
0.4 
V 


Output 
High Level 
VOH 
V+ = 4.5V, 10H= -5oo1"A 
4.1 
V 


PARAMETER 
SYMBOL 
CONDITIONS/DESCRIPTION 
MIN 
TYP 
MAX 
UNITS 


Chip Select Pulse Width 
tes 
500 
350 
ns 


Address/Data 
Setup Time 
tds 
350 
ns 


Address/Data 
Hold Time 
tdh 
0 
-20 
ns 


Inter-Chip 
Select Time 
tics 
3.5 
I"s 


PARAMETER 
SYMBOL 
CONDITIONS/DESCRIPTION 
MIN 
TYP 
MAX 
UNITS 


Data Clock Low Time 
tel 
350 
ns 


Data Clock Period 
tel 
1 
I"S 
Data Setup Time 
tds 
350 
ns 


Data Hold Time 
tdh 
0 
-20 
ns 


Write Pulse Width 
twp 
500 
350 
ns 


Write Pulse to Clock 


twll 
4.0 
at Initialization 
I"s 


Data Accepted 
todl 
1 
I"s 
Low Output 
Delay 


Data Accepted 
todh 
1.5 
3 
I"s 
High Output 
Delay 


Write Delay After 
Last Clock 
tcws 
350 
ns 


Note 1: 
ThiS limit refers to that of the package and will not be obtained during normal operation. 


Note 2: 
Due to the SeR 
structure inherent in these devices, connecting 
any display terminal or the display voltage terminal to a voltage outside the 
power supply to the chip may cause destructive device latchup. The digital inputs should never be connected 
to a voltage less than -0.3 volts 
below ground, but may be connected 
to voltages above V+ but not more than 6.5 volts above GND. 
Note 3: V+ = 5V. TA~ +25°C. 
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TERMINAL DEFINITIONS 
MAX7231 PARALLEL INPUT NUMERIC 
DISPLAY 


TERMINAL 
PIN NO. 
DESCRIPTION 
FUNCTION 


AN1 
30 
Annunciator 
1 Control 
Bit 
High = ON 
AN2 
31 
Annunciator 
2 Control 
Bit 
Low = OFF 
See Table 1 


BDO 
32 
Least Significant} 
Input 
BD1 
33 
4 Bit Binary 
Data 
BD2 
34 
Data Inputs 
(See Table 2) 
BD3 
35 
Most Significant 
HIGH = Logical 
One (1) 


AO 
37 
Least Significant} 
Input 
LOW = Logical 
Zero (0) 


A1 
38 
3 Bit Digit 
Address 
A2 
39 
Most Significant 
Address 
Inputs 
(See Table 4) 


CS 
1 
Data Input Strobe/Chip 
Select 
Trailing 
(Positive 
going) 
edge latches data, 


(Note 3) 
causes data input to be decoded 
and sent 
out to addressed 
digit 


Note 3: 
CS has a special "mid-level" 
sense circuit that establishes a test mode if it is held near 3V for several msec. Inadvertent triggering 
of this 
mode can be avoided by pulling it high when inactive, and driving it with fast rise and fall times. 


MAX7233 PARALLEL INPUT ALPHA DISPLAY 


TERMINAL 
PIN NO. 
DESCRIPTION 
FUNCTION 


DO 
30 
Co••, "00"<'" 
} 
D1 
31 
Input 
D2 
32 
6 Bit (ASCII) 
Data 
D3 
33 
Data Inputs 
(See Table 3) 
HIGH = Logical 
One (1) 
D4 
34 
LOW = Logical 
Zero (0) 
D5 
35 
Most Sign ificant 


AO 
37 
Least Significant I 
Address 
Inputs 
Input Add. 
A1 
3 
Most Significant 
(See Table 5) 


CS1 
39 
Chip Select Inputs 
Both Inputs LOW, load data into input latches. 
CS2 
1 
(Note 3) 
Rising edge of either input causes data to be 
latched, 
decoded 
and sent out to addressed 
character. 


TERMINAL 
PINNO. 
DESCRIPTION 
FUNCTION 


Data Input 
38 
Data + Address 
Shift Register 
Input 
HIGH = Logical 
One (1) 
LOW = Logical Zero (0) 


WRITE Input 
39 
Decode, Output, 
and Reset Strobe 
When DATA ACCEPTED 
Output 
is LOW, 


positive 
going edge of WRITE causes data 
in shift register to be decoded 
and sent to 
addressed 
digit, then shift register and 
control 
logic is reset. When DATA 
ACCEPTED 
Output 
is HIGH, positive 
going 
edge of WRITE triggers 
reset only. 


Data Clock 
1 
Data Shift Register and Control 
Positive going edge advances data in shift 
Input 
Logic Clock 
register. 
MAX7232: Eleventh edge resets shift register 
and control 
logic. 


MAX7234: Tenth edge resets shift register 
and control 
logic. 


DATA 
37 
Handshake 
Output 
Output 
LOW when correct 
number of bits 
ACCEPTED 
entered into shift register; MAX7232: 8, 9 or 
Output 
10 bits. MAX7234: 9 bits. 


~TERMINAL 
PIN NO. 
DESCRIPTION 
FUNCTION 


Display' 
2 
Negative end of on-chip 
resistor 
string 
Display 
voltage control. 
When open (or less 
Yoltage YDISP 
used to generate 
intermediate 
voltage 
than 1Y from Y+) chip is shutdown; 
oscillator 
levels for display. Shutdown 
Input. 
stops, all display 
pins to Y+ 


Common 
Line 
3,4,5 
Drive display 
commons, 
or rows. 
Driver Outputs 


Segment 
Line 
6-29 
(On MAX7231/33) 
Drive display 
segments, 
or columns. 
Driver Outputs 
6-35 
(On MAX7232/34) 
Y+ 
40 
Positive Supply 


GND 
36 
Ground 
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OUTPUT 
LATCHES 
'WIDE 


AD Al 
"2 
'---.----' 


ADDRESS 
INPUTS 


SEGMENT 
LINE 
DRIVERS 
3WIDE 


OUTPUT 
LATCHES 
'WIDE 


, 
/ 


SHIFT 
REGISTER 
SHIFTS RIGHT TO LEFT 
ON RISING EDGE OF DATA CLOCK 


DATA 
DATA 
WftTT'E 
DATA 
INPUT 
CLOCK 
INPUT 
ACCEPTED 
INPUT 
OUTPUT 


VH 
ON CHIP 
DISPLAY 
VOLTAGE 
LEVEL 
VL 
GENERATOR 


COMMO 
LINE 
DRIVER 


ON CHIP 
DISPLAY 
VOLTAGE 
LEVEL 
QENERATOR 


OMMO 
LINE 
DRIVERS 
III 
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SEGMENT 
LINE 
DRIVERS 
aWIDE 


OUTPUT 
LArCHES 
18 WIDE 


ell CS2 
'-...---' 


CHIP SELECT 
INPUTS 


SEGMENT 
LINE 
DRIVER 
I WIDE 


OUTPUT 
LATCHES 
18 WIDE 


SHIFT 
REGISTER 
SHIFTS 
RIGHT 
TO LEFT 
ON RISING 
EDGE OF DATA CLOCK 


DATA 
DATA 
I E DATA 
INPUT 
CLOCK INPUT 
ACCEPTED 
INPUT 
OUTPUT 


ON CHIP 
DISPLAY 
VOLTAGE 
LEVEL 
GENERATOR 


COMMON 
LINE 
DRIVER 


YH g:;...:~ 


VOLTAGE 
LEVEL 
YL 
GENERATOR 


COMMON 
LINE 
COM2 


DRIVERS 
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\ 
,,, 
-----II 
CS2 
INPUT 
(MAX72330NLYj 


DATA 
ADDRESS 
INPUT 


______ 
Detailed Description 


Parallel Input Interface 


The MAX7231 and MAX7233 have a parallel interface 
allowing 
direct parallel connection 
to microproces- 
sors. The address and data bits are latched on the 
po~itive going edQe of the Chip Select. The positive 
gOing edge of Chip Select also triggers 
an internal 
monostable 
that enables 
the address decoder 
and 
latches 
the 
decoded 
data 
into the digit/character 
output 
latches. 


Figure 
5 shows 
the 
timing 
requirements 
for 
the 
parallel 
input 
devices 
(7231 and 7233). To ensure 
that the new data does not appear at the decoder 
inputs 
before the previous 
decoded 
data is written 
to the outputs, 
there 
is a minimum 
time 
required 
between CHIP SELECT pulses. 


SerIal Input Interface 


A.WiiTTI 
pulse while Data Accepted 
Output 
is high 
will reset the seri&.~7.j2t 
control 
logic, 
but will not 
latch any data. A 
pulse while Data Accepted 
Output 
is low will cause the MAX7232 and MAX7234 
to decode 
the data, latch the data into the output 
latches and then reset the serial input control 
logic. 


This assures that each data bit will be entered 
into 
the correct 
position 
in the shift register, depending 


on the subsequent 
data clock inputs. The MAX7232's 
Data Accepted 
Output 
goes low after 8 Data Clock 
pulses, whereas the MAX7234's Data Accepted 
Out- 
put goes low after 9 Data Clock 
Inpulses. 
Further 
Data Clock 
pulses occuring 
before a WI1TTE pulse 
will cause the Data Accepted Output to go high after 
11 Data Clock pulses in the MAX7232 and the 10 Data 
Clock 
pulses 
in the MAX7234. 
In both 
cases, the 
serial 
input 
control 
logic 
is also 
reset when 
Data 
Accepted 
goes high. 


The serial input timing 
diagram 
shown 
in Figure 6 
illustrates 
the recommended 
procedure 
for enter- 
ing data. 


Note that the eleventh clock resets the shift register 
and 
control 
logic 
for the MAX7232, 
but the 
Data 
Accepted 
Output 
goes low after the eighth clock. As 
Figure 
7 illustrates, 
this allows 
the user to reduce 
the data to eight bits. The MAX7232then 
writes to the 
7 segment 
display, 
but leaves the annunciators 
off. 
__ 
Nine Bits are clocked 
in if only AN2 is turned 
on. 


The control 
logic of the MAX7234 is similar 
to the 
MAX7232, but nine bits are always required. As illu- 
strated 
in Figure 8, the data bits are only latched 
if 
the WRlTE input occurs after the ninth data bit has 
been entered and Data Accepted 
Output 
is low. 
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I 
I 
AN1 
I 
AN2 
BOO 
I 
DATA 
DATA 
DATA 
,=~ 
~ 
II 
II 


-r~ldh 
iI 
I 
-+j _1"" 


~twp.j 
: 
-~ 
WRITE 


INPUT 
I 
I 


DATA 
CLOCK 
INPUT 
(PER BIT 
OF DATA) 


DATA 
ACCEPTED 
OUTPUT 


ELEVENTH 
CLOCK 
WITH 
NO WRITE 
PULSE 
RESETS SR + LOGIC 


RESETS 
SHIFT 
REGISTER 
AND INPUT CONTROL 
LOGIC WHEN DATA 
ACCEPTED 
HIGH 


DATA 
ACCEPTED 
OUTPUT 


DATA 
CLOCK 
INPUT 
: I --< k-tdh 


--+l 
Id. ~ 


~ 
I I 
BOO 
BDl 
BD2 
I 
DATA 
I 
VALID 
I 
I 
I 
-I 
1--1"" 


twp t-- 


I 


I 
I 
II 
-....j 
twp 


--:tew.1-- 


I 
mB DO NOT CAR~ 


DECODES 
AND STORES 
DATA, RESETS SHIFT 
REGISTER 
AND 
LOGIC 
WHEN 
DATA ACCEPTED 
IS LOW 


RESETS SHIFT 
REGISTER 
AND CONTROL 
LOGIC 
WHEN 
DATA ACCEPTED 
IS HIGH 


DATA 
CLOCK 
INPUT 


DATA 


ACCEPTED 
OUTPUT 


- 
__ 
Temperature Compensation 


Temperature 
Effects 


Temperature 
affects the performance 
of liquid crystal 


displays 
(LCD's) 
in two ways. As the display 
tem- 


perature 
drops, 
the 
response 
time 
of the display 


becomes 
longer. 
At very 
low temperatures, 
some 


displays 
may take several 
seconds 
to change 
to a 


new character. 
However, 
high-speed 
liquid 
crystal 


materials 
are available 
for low temperature 
environ- 
ments. 


Temperature 
has a significant 
effect on the variation 


of liquid 
crystal threshold 
voltage. The peak voltage 


(Vp) required to turn on the display hasa temperature 
coefficient 
of -7 to -14 mV/oC for typical liquid crystal 


materials used in multiplexed 
LCD's. This means that 


as the temperature 
increases, 
the threshold 
voltage 


o 
~o 
0 
10 
~ 
~ 
~ 
~ 
AMBIENT 
TEMPERATURE 
(OC) 


I 


~ 
DO NOT CAREl 
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TENTH 
CLOCK 
WITH 
NO WRift 
PULSE RESETS 
SR AND LOGIC 


DECODES 
AND STORES 
DATA, RESETS SHI" 
REGISTER 
AND LOGIC 
WHEN 
DATA ACCEPTED 
IS LOW 


decreases. 
Figure 
9 illustrates 
the dependence 
of 


peak voltage (Vp) on temperature 
for the same liquid 


crystal 
material 
described 
in Figure 
10. Assuming 
a 


fixed value for VP, OFF segments 
begin to be visible 


when 
the threshold 
voltage 
drops 
below 
Vp/3. 
To 


avoid this problem 
at high temperature, 
VP may be 


set at a fixed voltage 
chosen to make the RMS OFF 


voltage, Vp/3, just below the threshold 
voltage at the 


highest 
temperature 
expected. 
This 
is appropriate 


where display 
temperatures 
do not vary widely. 


90 
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Display 
Voltage 


An 
internal 
resistor 
string 
of 
three 
equal 
value 
resistors 
is 
used 
to 
generate 
the 
display 
drive 
voltages. 
One end of the string 
is available at Pin 2 
(VOISP) and the other 
end 
is connected 
to V+ on 
the chip. Pin 2, the user's input, allows the display 
voltage to be optimized 
for a particular 
liquid crystal 
material. 
Note 
that 
Vp should 
be three 
times 
the 
threshold 
voltage for the liquid crystal material used 
(Vp = V+ - VOISP). To avoid 
device 
latchup 
and 
possible 
destruction 
of the chip, never drive Pin 2 
below Ground 
or above V+. 


Figure 
11 illustrates 
a simple method of generating 
a display 
voltage 
suitable 
for 
a particular 
display. 


A potentiometer 
with 
a maximum 
value of 200kO 
connected 
from 
Pin 2 to Ground 
gives sufficient 
ran!;le adjustment 
to suit most displays. 
Due to the 
positive 
temperature 
coefficient 
of 
the 
resistors 
on-chip, 
this method for generating 
display voltage 
should 
be used only in applications 
where the tem- 
perature 
variation 
of the chip and display 
will 
not 


vary 
more 
than 
±5°C 
(15°F). 
The 
power 
supply 
voltage also effects the display voltage. 


The chip may be operated at the display voltage with 
VOISP connected 
to 
Ground 
in 
battery 
powered 
applications 
where the display 
voltage 
is the same 
as the battery 
voltage 
(typically 
3 to 4.5 volts). The 
inputs of the chip are designed 
such that they may 
be driven 
above 
V+ without 
damage. 
This allows 
the chip and display 
to operate 
at a regulated 
3V 
while its inputs are driven by a microprocessor 
that 


is operating 
at a less well controlled 
5V supply. Under 
no circumstances 
should the inputs be driven more 
than 
6.5V above Ground. 
Independent 
adjustment 
of both 
voltage 
and temperature 
compensation 
is 
illustrated 
in Figure 12. Temperature 
compensation 
is performed 
by the ICL7663. 


Another 
method 
of setting 
up a display 
voltage 
is 
illustrated 
in Figure 
13. The five diodes 
(1N914 or 
equivalent), 
each have a forward 
drop 
of approxi- 
mately 0.65V, with 20 (J..lA)at room temperature. 
This 
configuration 
is suitable for the 3V display using the 
material 
properties 
as shown 
in Figures 
9 and 10. 


More diodes 
may be added for higher 
voltage 
dis- 
plays. 
Each 
diode 
has 
a 
negative 
temperature 


coefficient 
of -2mVloC 
(5 in series gives -10mVlOC). 


Consequently, 
this 
circuit 
will 
provide 
reasonable 


temperature 
compensation. 


"'N 
VOUTl 
v· 


Voun 


VSET 


VTC 
MAX7233 


GND 
2.7MO 


':' 
••••••AXI ..••••• 


ICL7663 


DATA 
BUS 


___________ 
Triplexing 


The 
connection 
diagram 
for 
a typical 
7-segment 


display 
font 
with 
2 annunciators 
is illustrated 
in 


Figure 
15. The 
MAX7231 
and MAX7232 
(A and B 


suffix 
versions) 
numeric 
display 
drivers 
use this 


configuration. 
The voltage 
waveforms 
of the com- 


mon 
lines and one segment 
line are illustrated 
in 


Figure 14. The "Y" segment 
line has been chosen as 


an example. 
This line intersects with COM1 to form 


the "A" segment, 
COM2 to form the "G" segment, 


and COM3 to form the "D" segment. 
Four different 


ON/OFF 
combinations 
of 
the 
"A", 
"G" 
and 
"D" 


segments 
and 
their 
corresponding 
waveforms 
of 


the "Y" segment line are illustrated 
in Figure 14. The 


schematic 
diagram 
in Figure 
16 shows 
that 
each 


intersection 
acts as a capacitance 
from segment line 


to common 
line. 
Figure 
17 illustrates 
the voltage 


across the "G" segment for the same four combina- 
tions of ON/OFF 
segments shown 
in Figure 14. 


The 
RMS voltage 
across 
the segment 
determines 


the 
degree 
of 
polarization 
for 
the 
liquid 
crystal 


material 
and thus the contrast 
of the segment. The 


RMS OFF voltage is always Vp/3, whereas the RMS 
ON voltage is always 1.92 Vp/3. This is illustrated in 
Figure 17. The ratio of RMS ON to OFF voltage is 
fixed at 1.92 for a triplexed liquid crystal display. 
Contrast 
vs. applied 
RMS voltage 
is shown 
in 


Figure 10. With a Vp of 3.1V, the RMS ON voltage is 
2.1V and the RMS OFF voltage is 1.1V. The OFF seg- 
ment will have a contrast of less than 5%, while the 
ON segments will have greater than 85% contrast. 
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_ 
Output Codes and Display Fonts 


The MAX7231 
and MAX7232 
numeric 
display 
drivers 
are 
programmed 
to drive 
7-segment 
displays 
plus 
2 annunciators 
per digit. 
Refer to Table 1 for annun- 
ciator 
input 
controls. 
The 
display 
connections 
for 


one digit 
are shown 
in Figure 
18. Both annunciators 
are 
placed 
on 
COM3 
on 
the 
"A" 
and 
"B" 
suffix 
devices. 
The 
"A" 
devices 
offer 
a 
"hexadecimal" 
7-segment 
output, 
while 
the "B" devices offer "Code 
B" outputs. 
This 
is illustrated 
in Table 
2. Figure 
19 
illustrates 
the 
"C" 
device 
configuration. 
The 
Left 


CODE 
DISPLAY OUTPUT 
INPUT 


AN 
AN 
MAX7231 AlB 
MAX7231C 
2 
1 
MAX7232 AlB 
MAX7232C 
BOTH 
LH 
ANNUNCIATORS 
ANNUNCIATOR 
ON COM 3 
COM 1 
RH 
ANNUNCIATOR 
COM 3 


0 
0 
8 
8 
0 
1 
.8 
8. 


1 
0 
8. 
S 


1 
1 
.8. 
8. 


Table 
2: Binary 
Data Decoding 
(MAX7231/MAX7232) 


CODE 
DISPLAY 
INPUT 
OUTPUT 


BD 
BD 
BD 
BD 
HEX 
CODE 
3 
2 
1 
0 
B 


0 
0 
0 
0 
n 
0 
LI 
0 
0 
0 
1 
1 
1I 
0 
0 
1 
0 
2 
2 
0 
0 
1 
1 
3 
3 
0 
1 
0 
0 
l.( 
l.( 


0 
1 
0 
1 
5 
5 
0 
1 
1 
0 
5 
5 
0 
1 
1 
1 
1 
, 
I 


1 
0 
0 
0 
8 
8 


1 
0 
0 
1 
9 
9 


1 
0 
1 
0 
R 
- 


1 
0 
1 
1 
b 
E 


1 
1 
0 
0 
[ 
H 
1 
1 
0 
1 
d 
L 


1 
1 
1 
0 
E 
P 


1 
1 
1 
1 
F 
BLANK 


hand annunciator 
is placed 
on COMl 
(AN2) and the 
right 
hand 
annunciator 
(usually 
a decimal 
point) 
is placed 
on COM3 
(AN1). 
Only 
a "Code 
B" output 
is offered 
for the "C" devices. 


Both the MAX7233 
and MAX7234 
are supplied 
in "A" 


and "B" versions, 
decoding 
an ASCII 
6-bit subset 
to 
an 18-segment 
display, 
with 16 "flag" segments 
and 2 
"dots". 
Figure 
20 illustrates 
the 
layout 
for a single 
character. 
The "A" devices 
have numbers 
which 
are 
half-width 
and the "B" devices 
have full-width 
num- 


bers. Refer to Table 3 for output 
decoding. 


Table 3: Data Decoding 
- 
18 Segment 
(MAX7233/MAX7234) 
DISPLAYOUTPUT 
CODEINPUT 
IVER~ION VER~ION 
OS 
04 


D3 
D2 
Dl 
DO 
0,0 
0,1 
1,0 
1,1 


0 
0 
0 
0 
~ 
p 
n 
[] 


0 
0 
0 
1 
R 
Q 
I 
I 
1 
0 
0 
1 
0 
:B 
R 
" 
~ 
2 
0 
0 
1 
1 
C 
5 
! 
3 
3 
0 
1 
0 
0 
11 
T 
gj 
y 
L~ 


0 
1 
0 
1 
E 
U 
% 
5 
5 
0 
1 
1 
0 
F 
V 
L 
6 
E5 
0 
1 
1 
1 
G 
W 
I 
1 
I 


1 
0 
0 
0 
H 
X 
< 
8 
B 


1 
0 
0 
1 I 
y 
> 
9 
9 


1 
0 
1 
0 .r 
z * 
: 


1 
0 
1 
1 
I-< 
[ 
+ 
; 


1 
1 
0 
0 
L 
"- 
/ 
L 


1 
1 
0 
1 
M 
] 
- 
- 
1 
1 
1 
0 
N 
7' 
~ 


1 
1 
1 
1 
0 
~ 
/ 
? 


CODE INPUT 
DISPLAY 
OUTPUT 


MAX 
7232 
ONLY 
DIGIT 
A3 
A2 
A1 
AO 
SELECTED 


0 
0 
0 
0 
01 


0 
0 
0 
1 
02 


0 
0 
1 
0 
03 


0 
0 
1 
1 
04 


0 
1 
0 
0 
05 


0 
1 
0 
1 
06 


0 
1 
1 
0 
07 


0 
1 
1 
1 
08 


1 
0 
0 
0 
09 


1 
0 
0 
1 
010 


1 
0 
1 
0 
NONE 


1 
0 
1 
1 
NONE 


1 
1 
0 
0 
NONE 


1 
1 
0 
1 
NONE 


1 
1 
1 
0 
NONE 


1 
1 
1 
1 
NONE 


CODE 
DIGIT 
INPUT 
SELECTED 
MAX 
7234 
ONLY 


A2 
A1 
AO 


0 
0 
0 
01 
0 
0 
1 
02 
0 
1 
0 
03 
0 
1 
1 
04 
1 
0 
0 
05 
1 
0 
1 
NONE 


1 
1 
0 
NONE 


1 
1 
1 
NONE 
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COMMON 
LINE CONNECTIONS 


BOTH ANNUNCIATORS 
ON COMMON 
13 
(AT sarro •• OF CHARACTER) 
(""''' 
AND "B" SUFFIX 
VERSIONS) 


LH ANNUNCIATOR 
ON COMMON 
" 
(TOP) 
(AN 2) 
RH ANNUNCIATOR 
ON COMMON 
t3 (BOTTOM) 
(AN 1) 
"C" SUFFIX 
DEVICES 


• ANNUNCIATORS 
CAN BE: l:i!QEI. [gQ] 
I 6 + 
-ARROWS 
THAT POINT 
TO INFORMATION 
PRINTED 
AROUND 
THE DISPLAY 


OPENING. 
ETC., WHATEVER 
THE DESIGNER 
CHOOSES 
TO INCORPORATE 
IN THE LIQUID 
CRYSTAL 
DISPLAY. 


-- 
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I 
RESET 
.r- ONO 


1- 


2 


MC14049B 
OR 
C040498 
•.. 


••• 
to. 
•... 
•.... 
•... 
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T8"0 
ifj1 


RC 
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••e•••• 
DRIJ,,'ES 76 CHRR'S 
E 


MICROPROCESSOR 
WITH 
RAM 
>c 


or 


VDIP 
~ 


ADJ. 


V' 
or 
••••0 


V' 
c.» 


V' 
GND 
•••• 


DATA 
~ 
BUS 


~ 


26-33 


ADD 9-20 
BUS 22·25 
c.» 
E31 
V' 
,••0 


~ 


IRQ 
RiW 
V"A 
OTHER I/O 


~ 
• 
34 
5 
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(1.778) 
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(15.240 -15.748) 
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_______ 
Gene,al Desc,iption 


The Maxim 
ICM7211 (LCD) 
and ICM7212 (LED) four 
digit, seven' segment 
display drivers include 
input data 
latches, 
BCD 
to segment 
decoders, 
and 
all 
level 
translation 
and timing 
circuits 
needed 
to drive 
non- 
multiplexed 
displays. 


Both the 
ICM7211 and ICM7212 are available 
in two 
data input configurations: 
a multiplexed 
BCD interface 
version 
and a microprocessor 
interface 
version. 
The 
multiplexed 
BCD interface 
version has four BCD data 
inputs 
and 
four 
separate 
digit 
strobes. 
The 
micro- 
processor 
interface 
versions, 
designated 
by an "M" 


suffix, 
have four 
BCD data inputs, 
two digit 
address 


lines, and two chip selects or WRITE inputs. 


The ICM7211 and ICM7212 decode the BCD data viaan 
onboard 
character 
font 
ROM. There are two different 
character 
fonts 
available, 
hexadecimal 
and 
Code 
B. 


__________ 
Applications 


The 
low 
power 
consumption 
of the 
ICM7211 
LCD 
driver makes it ideal for battery 
powered 
and portable 
applications. 
The ICM7212 LED display driver reduces 
system 
cost 
by eliminating 
external 
level translators, 


external segment drivers, and segment current limiting 
resistors. 


Digital 
Panel Displays 
Intelligent 
Instruments 
Remote Display 
Units 
Microprocessor-to-Visual 
Communication 


BCD/BINARY 
DATA 


[ 


08 
07 


De 


DIGIT 
05 
SELECTS 
04 
03 
02 
01 


~~I~JXI~~I 
Four Digit Display 
Decoder/Drivers 


____________ 
~Featu'es 


• 
Improved 
2nd Sourcel 
(See 3rd page for 
"Maxim 
Advantage'·"). 
• 
Directly 
drives Four Digit, 7 Segment 
Displays 
ICM7211 - Non-multiplexed 
Liquid 
Crystal 
Display 
(LCD) 
ICM7212 - Non-multiplexed 
Common 
Anode 
LED 


Multiplexed 
BCD Interface 
and /olPInterface 
Versions 


• 
No external 
components 
needed 


• 
Low Power CMOS - 25/olWtypo (display 
blanked) 


DEVICE 
TYPE 
OUTPUT 
INPUT 
CODE 
CONFIGURATION 


ICM7211 
(LCD) 
Hexadecimal 
Multiplexed 
4-8it 
ICM7211A 
(LCD) 
Code 
8 


ICM7211M 
(LCD) 
Hexadecimal 
IJ.P Interface 
ICM7211AM 
(LCD) 
Code 
B 


ICM7212 
(LED) 
Hexadecimal 
Multiplexed 
4-8it 
ICM 7212A (LED) 
Code 
B 


ICM7212M 
(LED) 
Hexadecimal 
IJ.P Interface 
ICM7212AM 
(LED) 
Code 
B 


.NIAXI.M 


ICM7211 
ICM7211A 


The "Maxim Advantage'·" 
signifies an upgraded quality level. At no additional cost we offer a second-source device that is subject to the 


lol/owing: 
guaranteed 
perlormance 
over temperature 
along with tighter 
test specifications 
on many key parameters; 
and device 
enhancements, when needed, that result in improved performance without changing the functionality. 


-- 
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ABSOLUTE MAXIMUM RATINGS 


Power 
Dissipation 
(Note 
1) 
__ 
0.5 W@ looe 
Supply 
Voltage 
__ 
_. . . .. 
6.5V 
Input 
Voltage 
(Any 
Terminal) 
(Note 
2) 
_ 
V+ +0.3V, GROUND 
-0.3V 
Operating 
Temperature 
Range 
_ 
-20oe 
to +85°e 
Storage 
Temperature 
Range 
-55°e 
to +125°e 
Lead Temperature 
(Soldering 
10 sec.) 
3000e 


Stresses above those listed under Absolute Maximum Ratings may 
cause permanent damage to the device. These are stress ratings 
only and functional 
operation 
of the device at these or any other 


conditions 
above those indicated in the operational 
sections of the 


specifications 
is not implied. Exposure to absolute maximum rating 
conditions 
for extended periods may affect device reliability. 


ELECTRICAL 
CHARACTERISTICS 


(v+ = 5V; TA = 25°C, 
Test circuit 
unless 
noted) 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


Operating Supply Voltage Range 
Vsupp 
3 
5 
6 
V 


Operating Current 
lop 
Test circuit, Display blank 
10 
50 
pA 


Oscillator Input Current 
IOSCI 
Pin 36 
±2 
±10 


Segment Rise/Fall Time 
tAFS 
CL= 200pF 
0.5 


Backplane Rise/Fall Time 
CL= 5OO0pF 
1.5 
ps 
tRFB 
Oscillator Frequency 
fose 
Pin 36 Floating 
16 
kHz 


Backplane Frequency 
fep 
Pin 36 Floating 
125 
Hz 


PARAMETER 
SYMBOL 
CONDITIONS 
-,.,.\ 
MIN 
TYP 
MAX 
UNIT 


Operating Supply Voltage Range 
Vsupp 
.,Y 
4 
5 
6 
V 


Operating Current 
lOp 
Pin 5 (Brightness), 
-1;%" ~~~ 


10 
50 
pA 
Display Off 
Pin 27-34- GROUND 


Operating Current 
lOp 
Pin 5 at V+, Display all 8's 
,- 
,\, 
200 
mA 
Segment Leakage Current 
[SlK 
SegmentOff 
. C.' "I 
+0.Q1 
+1 
pA 


Segment On Current 
ISEG 
Segment On, Va - +3V 
'.. 
5 
8 
mA 


PARAMETER 
SYMBOL 
. .~ 
CONDITIONS 
MIN 
TYP 
MAX 
UNIT 


Logical "'" input voltage 
V'H 
3 
V 
Logical "0" input voltage 
V'L 
1 


Input leakage current 
IILK 
Pins 27-34 
±.01 
±1 
pA 


Input capacitance 
C'N 
Pins27-34 
5 
pF 
BP/Brightness input leakage 
ISPlK 
Measured at Pin 5 with Pin 36 at GND 
+.01 
+1 
pA 


BP/Brightness input capacitance 
CSPI 
All Devices 
200 
pF 


AC CHARACTERISTICS 
- MULTIPLEXED INPUT CONFIGURATION 


Digit Select Active Pulse Width 
tSA 
Refer to Timing Diagrams 
1 
ps 


Data Setup Time 
tos 
500 
Data Hold Time 
ns 
tOH 
200 


Inter-Digit Select Time 
tlDS 
2 
ps 


AC CHARACTERISTICS 
- MICROPROCESSOR 
INTERFACE 


Chip Select Active Pulse Width 
tCSA 
other chip select either held active, 
200 


or both driven together 
ns 
Data setup Time 
tos 
100 


Data Hold Time 
tOH 
10 
0 
Inter-Chip 
Select Time 
tiCS 
2 
ps 


Note 1: This 
limit refers to that of the package 
and wilt not be realized 
during 
normal 
operation. 


Note 2: Due to the SCR structure inherent in the CMOS process. connecting any terminal tovollages greater than V' or less than GROUND may 


cause destructive 
device latchup. 
For this reason, it is recommended 
that no inputs from external sources not operating 
on the 


r~R:1H1~~~~¥~f~Yb~et~~~~~~~ofl~s~device 
before its supply is established, 
and that in multiple supply systems, the supply to the 


The electrical 
characteristics 
above are a reproduction 
of a portion 
of Intersil's 
copyrighted 
(1981) data book. 
This information 
does not constitute 


any representation 
by Maxim 
that Intersil's 
products 
will perform 
in accordance 
with these specifications. 
The "Electrical 
Characteristics 
Table" 


along 
with 
the descriptive 
excerpts 
from 
the original 
manufacturer's 
data sheet 
have been 
included 
in this data sheet 
solely 
for comparative 


purposes. 
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• 
Key Parameters 
Guaranteed 
Over Temperature 


• 
Increased 
Segment-On 
Current 


• 
Low 
Power 
(Typically 
251'W) 


• 
Maxim 
Quality 
and Reliability 


• 
Improved 
ESD Protection 
(Note 
3) 


ABSOLUTE MAXIMUM RATINGS This device conforms to the Absolute Maximum Ratings on adjacent page. 
ELECTRICAL CHARACTERISTICS 
Specifications below satisfy or exceed all "tested" parameters on adjacent page. 


(V·; 
+5V; TA; 25'C, Test circuit unless noted.) 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Operating 
Supply 
Voltage Range 
Vsupp 
3 
5 
6 
V 


Operating 
Current 
lOp 
Test circuit, 
Display 
blank 
5 
25 
pA 


Oscillator 
Input Current 
losel 
Pin 36, Vose - 2.5V 
±2 
±10 
pA 


Segment 
Rise/Fall 
Time 
tRFS 
Cl - 200pF 
0.5 
"s 
Backplane 
Rise/Fall 
Time 
tRFB 
Cl- 
5OO0pF 
1.5 


Oscillator 
Frequency 
lose 
Pin 36 Floating 
19 
kHz 


Backplane 
Frequency 
fsp 
Pin 36 Floating 
150 
Hz 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Operating 
Supply 
Voltage Range 
Vsupp 
4 
5 
6 
V 


Operating 
Current 
lOp 
Pin 5 (Brightness), 
5 
50 
pA 


Display Off 
Pin 27-34- GROUND 


Operating 
Current 
lOp 
Pin 5 at V+, Display 
all 8's 
200 
mA 


Segment 
Leakage 
Current 
ISLK 
Segment 
011 
±O.O1 
±1 
pA 


Segment 
On Current 
ISEG 
~~~~e~~ ~n';7~9c +3Vj TA - 25°C 
6 
9 
mA 
5 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 
logical "1" Input Yoftage 
V'H 
Pins 27-34, -20'C 10 +85'C 
3 
V 
loglcat "0" Inpul voltage 
VIL 
Pins 27-34, -20'C to +85'C 
1 
Input leakage current 
IllK 
Pins 27-34 
±.O1 
±1 
pA 


Input capacitance 
C,N 
Pins27-34 
5 
pF 


BP/Brightness 
input 
leakage 
IBPlK 
Measured 
at Pin 5 with Pin 36 at GND 
+.01 
+1 
pA 


BP/Brightness 
input capacitance 
GSPl 
All Devices 
200 
pF. 


AC CHARACTERISTICS 
- MULTIPLEXED 
INPUT CONFIGURATION 


Digit Select Active 
Pulse Width 
tSA 
Refer to Timing 
Diagrams 
1 
ps 


Data Setup Time 
IDS 
-100 
Data Hold Time 
200 
ns 
tOH 
Inter-Digit 
Select Time 
liDS 
2 
ps 


AC CHARACTERISTICS 
- MICROPROCESSOR 
INTERFACE 


Chip Select 
Active 
Pulse Width 
tesA 
Other chip 
select either 
held active, 
200 
or both d riven together 
ns 
Data setup 
Time 
tos 
100 
Data Hold Time 
tOH 
10 
0 
Inter-Chip 
Select Time 
tiCS 
2 
ps 


Note 1: This limit 
refers to that of the package 
and will not be realized 
during 
normal 
operation. 
Note 2: Due 10the SCR structure inherent in the CMOS process, connecting any terminal to voltages greater than V· or less than GROUND may 
cause destructive 
device latchup. 
For this reason, it is recommended 
that no inputs from external 
sources not operatin~ 
on the 
r~~H1~;;c";;¥~f4Yb~et~~~~~~~ofl~~device 
before its supply is established, 
and that in multiple supply systems, the supp y lothe 


Note 3: All pins except pin 29 are designed to withstand 
electrostatic 
discharge 
(ESD) levels in excess of 2000V (Mil STD 8838 Method 
3015.1 Test Circuit). 
Due to the special test functions 
associated 
with pin 29, this pin is designed to withstand 
up to 1500V (same 


test circuit). 
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PART 
TEMP. RANGE 
PACKAGE 


ICM72111Q 
-20°C 
to +85°C 
44 Lead Plastic 
Chip 
Carrier 


ICM7211AIQ 
-20°C 
to +85°C 
44 Lead Plastic 
Chip 
Carrier 


ICM7211MIQ 
-20°C 
to +85°C 
44 Lead Plastic 
Chip 
Carrier 


ICM7211AMIQ 
-20°C 
to +85°C 
44 Lead Plastic 
Chip 
Carrier 


ICM72121Q 
-20°C 
to +85°C 
44 Lead Plastic 
Chip 
Carrier 


ICM7212AIQ 
-20°C 
to +85°C 
44 Lead Plastic 
Chip 
Carrier 


ICM7212MIQ 
-20°C 
to +85°C 
44 Lead Plastic 
Chip 
Carrier 


ICM7212AMIQ 
-20°C 
to +85°C 
44 Lead Plastic 
Chip 
Carrier 


PART 
TEMP. RANGE 
PACKAGE 


ICM72111PL 
-20° C to +85° C 
40 Lead Plastic 
DIP 


ICM7211AIPL 
-20° C to +85° C 
40 Lead Plastic 
DIP 


ICM7211 MIPL 
-20° C to +85° C 
40 Lead Plastic 
DIP 


ICM7211AMIPL 
-20° C to +85° C 
40 Lead Plastic 
DIP 


ICM7212IPL 
-20° C to +85° C 
40 Lead Plastic 
DIP 


ICM7212AIPL 
-20° C to +115°C 
40 Lead Plastic 
DIP 


ICM7212MIPL 
-20° C to +85° C 
40 Lead Plastic 
DIP 


ICM7212AMIPL 
-20° C to +85° C 
40 Lead Plastic 
DIP 


Each device 
type 
listed 
is available 
in dice form; 
Order 
basic 
part number 
followed 
by C/D; 


(i.e. ICM7211C/D). 


.MAXI.M 
ICM7211M 
ICM7211AM 


AI'IA 
X I.,NI 
ICM7212 
ICM7212A 


.NIAXIA1 
ICM7211 
ICM7211A 


'S!2N~~cttQ~~~ 
Sf3afZ;~;~giZ(!j 


44 Lead Chip Carrier 


" 
ti 
~l&:6w>zc(jiiicS 


~on"MN 
•..• ;~~.$ 


.MA X IN._ 
ICM7211M 
ICM7211AM 


'~2Nt:t~ct1.l~::'~ 
S:afZ~~;o~i:i~ 


.At'lA X I.NI 
ICM7212M 
ICM7212AM 
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•. 
0 
0 
~~Ew>zcoCii.3 
~1f) •. f'tN_:::;~;~ 


.MAXI.M 


ICM7212 
ICM7212A 


~S!!~N~~~~:e~~ 
8~8~~~:o~~t; 


ICM7212 LED SEGMENT CURRENT 
AS A FUNCTION 
OF 
BRIGHTNESS 
CONTROL VOLTAGE 


ICM7212 OPERATING POWER 
(LED DISPLAY) 


AS A FUNCTION 
OF SUPPLY VOLTAGE 


SEGMENT OUTPUT AT .•.3V 
f,,; :ZS--C- 
r-sv 


i" 1200 
S 


~900 


600 


oo 
1 
2 
3 
4 
5 


VOLTAGE 
ON 
BRT 
PIN 
5 (VOLTS) 
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DIGIT 
{ 
SELECT 


DATA 
{ 
INPUT 


DIGIT 
{ 


SELECT 


DIGIT 3 
DIGIT 2 
DIGIT 1 
,.._J:._, ,._J:_, ,.._J:._, 
y 
t---II 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
DECODER 
I 
I 
DECODER 
I 
I 
DECODER 
I 
I 
DRIVER 
: 
: 
DRIVER 
: 
: 
DRIVER 
: 
I 
I 
I 
; 
I 
I 
: 
I I 
I l 
: 
, 
t 
I 
• 
I 
I 
L 
J 
L 
.J 
L 
J 


OSCILLATOR 
19kHz 
FREE 
RUNNING 


BACK· 
PLANE 
DRIVER 


ENABLE 


DIGIT 3 
DIGIT 2 
DIGIT 1 
,..__1:._, ,._J:_, ,.._J:._, 
y 
t---I 
: 


I 
I I 
I I 
I 
: 
I I 
I I 
: 
I 
DECODER 
; 
I 
DECODER I : 
DECODER 
: 


I 
DRIVER 
I 
I 
DRIVER 
• 
I 
DRIVER 
I 
I 
: : 
i I 
: 
: 
! : 
: ; 
; 
L 
..J 
L 
.J 
L 
I 
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2·BIT 
DIGIT SELECT 
CODe 
INPUT 


OSCILLATOR 
16kHz 
FREE· 


RUNNING 


BACK· 
PLANE 
DRIVER 


ENABLE 


2-81T 


DIGIT SELECT 
CODE INPUT 
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_______ 
Detailed Description 


Display Interlace 


The ICM7211 and ICM7212 differ 
only 
in the type of 
display 
interface. 
The 
ICM7211 
is designed 
to drive 


non-multiplexed 
liquid 
crystal 
displays 
(LCDs). 
while 


the 
ICM7212 
is designed 
to 
drive 
non-multiplexed, 


common 
anode LED displays. 


ICM7211 LCD Display Driver 


The display 
driver section 
of the ICM7211 includes 
an 
oscillator, 
a 7 stage binary 
divider, a backplane 
driver, 


backplane 
slaving detector 
and logic, and 28 segment 
drivers. 


The RC oscillator 
has a nominal 
oscillation 
frequency 
of 19kHz with no external 
components. 
Ordinarily 
this 


frequency 
is 
suitable 
and 
no 
external 
oscillator 


components 
are needed, but if desired, the frequency 
may be lowered by connecting 
a capacitor 
between pin 
36 
(Oscillator) 
and 
either 
ground 
or 
V+. A 
graph 
showing 
the relationship 
between 
capacitor 
value and 
oscillator 
frequency 
is shown in the Typical Character- 


istics section. The oscillator 
may also be overdriven 
by 
an external 
clock source with a frequency 
of 128 times 


the desired 
backplane 
frequency. 
The external 
clock 
source 
should 
swing 
from 
approximately 
1.5V to 5V 


when V+ is 5V. The external 
clock 
signal 
must not go 
below 
1V for 
more 
than 
one 
microsecond, 
or the 
backplane 
disable 
circuitry 
may 
be 
activated 
(see 


below). 
Figure 7 shows an external 
clock drive circuit 


that meets the above requirements. 


The 19kHz nominal 
output 
of the on board oscillator 
is 
divided 
by a 7 stage binary 
divider 
(+128) to generate 


the backplane 
frequency 
of 150Hz. 


The backplane 
drive is simply 
an inverter whose input 


is the output 
of the last divider. The backplane 
output 


swings 
from ground 
to V+ with a 50% duty cycle. The 
backplane has a low (200 ohm typical) output resistance 
so that it can drive the capacitance 
of large displays. 


The backplane 
output 
driver can be disabled 
by tying 
pin 36 (Oscillator) 
to ground. 
The Backplane 
Input! 


Output 
(pin 5) then 
becomes 
an input 
which 
can be 
driven 
by the backplane 
output 
of another 
ICM7211 


(see Figures 14,16 and 17). Each backplane 
is a load of 
about 
200 
pF 
when 
driven, 
and 
no 
more 
than 
4 
ICM7211's 
(16 digits 
total) 
should 
be slaved together 


using one "master" 
ICM7211 as the backplane 
source, 


since 
power 
dissipation 
and the 
DC offset 
increase 


when the ICM7211 backplane 
output 
drives very large 
capacitive 
loads. For more than 16 digits on a common 
backplane, 
a separate, 
external 
driver 
with 
a low 


impedance 
should 
be used to drive a1l1CM7211s. 


The segment 
drivers 
are CMOS 
inverters 
that swing 
between 
ground 
and V+ with an output 
resistance 
of 
about 
2 kfl 
The 
input 
to 
the 
inverter 
is switched 
between two signals, so that the segment 
driver output 


is the same as the backplane 
when LCD segment 
is to 
be turned 
OFF, and 
is BACKPLANE 
when 
the LCD 
segment 
is to 
be 
turned 
ON. 
The 
segment 
and 


backplane 
drivers are designed 
to have equal rise and 


fall times, so that the average 
DC component 
across 


the LCD is less than 25 millivolts. 


.nr 1.JUlflr LIl.I1J 
1IU1.n.r 
I-- 
'2' 
CYCLES -----+j 
-- .... 
, 
l- 


1-64 
CYCLES-!-64 
CYCLES -l 


OFF SEGMENTS 
-----, 
I 
l- 
--' 


EACH SEGMENT 
TO BACKPLANE 
WITH 200pF 
CAPACITOR 


•• osc 


.NIAX' .•.•..• 


ICM7211 


---------------, 
}J 


~ 
~} 
~ 
J 


AIlA XIAIl 
ICM7211(A)(M) 


ICM7212 LED DrIvers 


The 
ICM7212 
has 28 open drain 
constant 
current 
n- 


channel 
outputs, 
which eliminate 
the need for external 


segment 
resistors. 
The LED current 
vs. output 
voltage 
of a typical 
segment 
driver 
is shown 
in the Typical 
Characteristics 
section. 
The Brightness 
input 
(pin 5) 
supplies 
the segment 
driver gate voltage, and it can be 
used to either control 
the brightness 
of the LED display 
or to completely 
blank 
the display. 
Two methods 
of 


controlling 
display 
brightness 
are shown 
in Figure 
8. 


The first 
method 
simply 
controls 
the voltage 
on the 
brightness 
pin 
by 
means 
of 
a potentiometer. 
The 
Brightness 
input 
draws 
negligible 
current 
and 
the 


potentiometer 
is normally 
in the range of 100 kilohms to 


1 megohm. 
By 
replacing 
the 
potentiometer 
with 
a 


resistor and a photoresistor, 
the display brightness 
can 


be automatically 
adjusted 
in response 
to changes 
in 


the 
ambient 
lighting. 
A second 
method 
of display 
brightness 
control 
is 
to 
duty-cycle 
modulate 
the 
Brightness 
input 
between 
"full 
on" 
and 
"blanked" 
states. As with the simple 
potentiometer 
method, 
the 
display 
brightness 
can be automatically 
adjusted 
for 
ambient 
lighting 
conditions 
by replacing 
one of the 


timing 
resistors with a photoresistor. 


The ICM7212 has two ground 
pins to support 
the high 


total 
display 
current 
that 
flows 
into 
the 
segment 
outputs 
and then 
is returned 
to ground 
through 
the 


ICM7212 ground 
pins. 


Since the ICM7212 will drive the LED display 
at high 


total display current, 
care must be taken not to exceed 


the absolute 
maximum 
power 
dissipation 
limit of the 


ICM7212 at high ambient 
temperatures. 
For example, 


at 70·C, 
the absoulute 
maximum 
power 
dissipation 
specification 
is 500 mW.lf all 28 segments are turned on 


(a display of 8888), and each segment 
is drawing 
8 mA, 


the total power dissipation 
in the ICM7212 would 
be 


Pd = 28 segments.(8mA).(Vseg) 
Where Vseg = V+ - Vied = 5V - 1.6V = 3.4V 
Therefore 
Pd = 28.(8).(3.4) 
= 760 mW; greater 
than the absolute 
maximum 
limit. 


There 
are two 
ways 
to 
keep the 
power 
dissipation 
below 
the 
ICM7212 
power 
dissipation 
limits: 
reduce 


the 
LED 
current, 
or reduce 
the 
voltage 
across 
the 
ICM7212 
segment 
drivers. 
The 
LED current 
can 
be 


reduced 
by the 
display 
brightness 
control 
circuits 


shown 
in figure 
8. The other alternative, 
reducing 
the 
voltage 
across 
the 
segment 
drivers 
can 
be accom- 
plished 
by either 
reducing 
the V+ supply 
to the entire 


system, 
or by reducing 
the V+ supply 
to just the LED 
display by placing diodes in series with the LED display 
(see Figure 
9). Two 
silicon 
diodes 
in series with the 
anode of the LED display will reduce the voltage across 
the segment 
drivers 
from 
3.4V to 2.2V, resulting 
in a 
power 
reduction 
of approximately 
35%, while 
only 


slightly 
reducing 
the LED current 
and brightness. 
A 


third diode in series with the LED display would further 
reduce the power dissipation, 
but the segment 
current 
would also be reduced since there would be only about 
1.6V across the n-channel 
segment 
driver. 
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________ 
Digifallnfe'face 


There 
are 
two 
different 
types 
of 
digital 
interfaces 
available 
for the ICM7211 and ICM7212, a multiplexed 
BCD interface 
and a microprocessor 
interface. 


MultIplexed 
BCD Data Interlace 


On the multiplexed 
BCD data entry versions of ICM7211 
and ICM7212 there are 8 lines used for entering 
data: 4 
BCD data lines and 4 digit 
strobes. 
The multiplexed 
BCD input timing 
and truth table is shown in Figure 10. 


When one of the four digit strobes is taken high, a short 
internal 
pulse is generated 
which 
latches the decoded 
segment 
data in the 7 bit latch 
associated 
with that 
digit. If the digit strobe is continuously 
held high, each 
transition 
of the backplane 
will cause another 
internal 
latch pulse to be generated,latching 
new segment data 
if the BCD data has changed. 
When the digit 
strobe 
goes low the data in the latch is held constant 
with no 
further 
updates 
until 
the digit 
strobe 
is again 
taken 
high. As shown in the electrical 
specifications 
table, the 
data setup time is is a negative 100ns, which means that 
the digit 
strobe 
can be taken 
high as much as 100ns 
before the BCD data is valid. 
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Character Fonts 


Table 1 shows the two different 
output 
codes or fonts 
available. 
Both versions 
have the same display 
for 0-9 
and differ only in the display of the last 6 input codes. 
The Code 
B versions 
have the suffix 
''/li' in their part 
number. 


BINARY 
HEXADECIMAL 
CODE 
B 
ICM7211(M) 
ICM7211A(M) 
B3 
B2 
B1 
BO 
ICM7212(M) 
ICM7212A(M) 


0 
0 
0 
0 
a 
0 
0 
0 
0 
1 
I 
I 


0 
0 
1 
0 
2 
2 
0 
0 
1 
1 
3 
3 
0 
1 
0 
0 
'! 
'! 
0 
1 
0 
1 
5 
5 
0 
1 
1 
0 
[j 
[j 
0 
1 
1 
1 
7 
7 
1 
0 
0 
0 
B 
B 
1 
0 
0 
1 
9 
9 
1 
0 
1 
0 
R 
- 
1 
0 
1 
1 
b 
E 
1 
1 
0 
0 
[ 
H 
1 
1 
0 
1 
d 
L 
1 
1 
1 
0 
E 
P 
1 
1 
1 
1 
F 
(Blank) 


DATA AND 
DIGIT SELECT 
CODE 


MIcroprocessor or Data Interlace 


The 
microprocessor 
data 
interface 
versions 
of the 
ICM7211 and ICM7212 are denoted 
by an "M" suffix in 
their part number. 
The microprocessor 
data interface 
also uses 81ines for the data interface: 4 BCD data lines, 
2 digit address lines, and 2 active low chip select lines. 
A typical 
data write cycle and the truth table are shown 
in Figure 
11. Data 
is entered 
into 
the 
input 
latches 
whenever 
both CS (chip 
select) 
lines are low. When 
either 
CS 
line 
goes 
high 
an 
internal 
one 
shot 
is 
activated, 
transferring 
the decoded 
7-segment 
data to 
the appropriate 
digit 
latch. 
One CS line is ordinarily 
driven by an address decoder 
and the other CS line is 
driven 
by the 
microprocessor 
WR 
(write) 
line 
(see 
Figure 15). In this type of application, 
the ICM7211112 is 
accessed 
as 4 "write only" 
memory 
locations. 


Backplane Frequency 


The ICM7211 onboard 
oscillator 
generates a backplane 
frequency 
of approximately 
150Hz with 
no external 
components. 
This 
is suitable 
for 
most 
displays, 
but 


TRUTH 
TABLE 


01 
02 
03 
04 
Function 


0 
0 
0 
0 
No change 


0 
0 
0 
1 
Store Data in 04 latch 


0 
0 
1 
0 
Store Data in 03 latch 


0 
1 
0 
0 
Store Data in 02 latch 


1 
0 
0 
0 
Store Data in 01 latch 


1 
1 
1 
1 
Store Data in All Data latches 


TRUTH 
TABLE 


DS2 
DS1 
~ 
C5'i 
Function 


X 
X 
X 
1 
No change 
X 
X 
1 
X 


0 
0 
0 
t 
Store 04 Data 
0 
0 
t 
0 


0 
1 
0 
t 
Store 03 Data 
0 
0 
t 
0 


1 
0 
0 
t 
Store 02 Data 
1 
0 
t 
0 


1 
1 
0 
t 
Store 01 Data 
1 
1 
t 
0 


150Hz is too high a frequency 
when driving 
very large 
displays 
or low threshold 
displays 
with high segment 
trace resistance. 
When driving very large displays 
(>1" 
height), 
the very large capacitance 
of the display 
will 
significantly 
slow the rise and fall times of the backplane 
and segment 
drivers. 
These 
drivers 
are designed 
to 
have matching 
rise and fall times, 
but any 
residual 
mismatch 
will result in a DC offset across the LCD. This 
DC offset 
is directly 
proportional 
to the 
backplane 
frequency, so the lowest acceptable 
backplane frequen- 
cy (usually 
30Hz) should 
be used when driving 
very 
large LCOs. A simple 
way of lowering 
the backplane 
frequency 
is to connect 
an external 
capacitor 
from the 
OSCillator 
(pin 36) to either ground 
or V+.The graph in 


the Typical 
Characteristics 
curves shows the relation- 
ship between 
the value of this external 
capacitor 
and 
the 
backplane 
frequency. 
The 
backplane 
frequency 
can 
also 
be controlled 
by 
externally 
driving 
the 
OSCillator 
pin. Figure 12 shows a method of setting the 
backplane 
frequency 
to precisely 
32Hz. 


If the indium traces on the LCD glass itself are very long 
and they 
have high 
sheet 
resistance, 
the resistance 
of the trace will form an RC delay with the capacitance 
of the LCD. The phase shift caused 
by this RC delay 
causes 
a small 
voltage 
to 
appear 
across 
the 
LCD 


segments 
that are supposed 
to be in the off state. This 
may cause "ghosting" 
or a slight turn-on 
of segments 
that are supposed 
to be off. Reducing 
the backplane 
frequency 
or using LCOs that have a higher threshold 


will eliminate 
this problem. 


Annunciators or Flags 


Many LCD displays 
have annunciators 
or flags in ad- 
dition to the 7 segment 
digits. 
Figure 13 shows several 


different 
methods 
of driving 
LCD segments 
used as 


annuciators 
or flags. Output 
A of Figure 13 is driven by 
a CMOS exclusive 
OR (XOR) gate. The XOR's output 
is 
either the same as the backplane 
or the complement 
of 
the 
backplane, 
depending 
on the 
logic 
level on the 


input. With a "1" at the logic input the XOR output is the 
complement 
of the backplane 
and the LCD segment 
is 
turned 
on. Output 
B is connected 
to the backplane 
through 
a 1 M!1 resistor. 
When the analog 
switch 
is 
open, output 
B will 
be the backplane 
signal 
and the 
segment 
will be off. When the analog switch 
is closed, 


output 
B will 
be the complement 
of the 
backplane 
signal and the segment 
will be on. Output 
C is simply 
the 
complement 
of the 
backplane 
signal, 
and 
any 
segment 
(such as a decimal 
point) connected 
to output 
C will always be turned on. Output 0 is another way of 
turning 
on a decimal 
point, but since the voltage at 0 is 
simply the average DC voltage of the backplane 
signal, 


the total applied 
voltage 
across a segment 
connected 
to 0 is only 5 Vpk-pk 
(assuming 
5V V+) rather than the 
10Vpk-pk 
drive 
received 
by a segment 
connected 
to 
output C. The resistor-capacitor 
drive method of output 
o should 
be used 
only 
with 
low 
threshold 
LCOs. 
Unused LCD segments should betied to the backplane, 
NOT allowed to float. A floating 
segment, while usually 


remaining 
off, may be driven 
by leakage 
currents 
or 
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capacitive 
coupling 
with other segments 
and become a 


"ghost" 
or slightly 
turned 
on. 


If one or more of the ICM7211 digits are not used, they 
can be used to drive annunciator 
segments 
without 
using 
any 
external 
logic. 
If 
only 
two 
annunciator 
segments 
need to be driven, connect 
the annunciators 
to segments 
Band 0 of th!UJnused 
digit. That digit is 
then loaded with the data A2, A 1 11, where A 1 and A2 
are the data for the two annunciators. 


Three 
annunciators 
can be driven 
from 
one unused 
digit, 
but 
the 
input 
data 
to 
select 
all 
8 
possible 
combinations 
of annunciator 
states must be obtained 
from 
a look-up 
table. Two possible 
arrangements 
are 
shown 
in Table 2. 


Driving an 8 Digit LCD with Common Backplane 


In order 
to drive 
8 LCD 
digits 
that 
have a common 
backplane, 
the backplanes 
of two ICM7211s must be 
synchronized. 
In figure 
14 the 
left 
hand 
ICM7211's 
Backplane 
pin is turned 
into an input by grounding 
its 
oscillator 
pin. The right hand ICM7211 then drives both 
the LCD backplane 
and the Backplane 
pin of the left 


hand ICM7211. 


Memory Mapped 8048 Microprocessor 
Interlace 


In figure 15the digitselect 
lines OS1 and OS2 are driven 
by the address 
latched 
from 
the 8048's 
multiplexed 
data and address bus. The data is then written 
into the 
selected 
digit 
by the WR line. The 74LS138 is used to 
decode 
eight blocks, each four bytes long, starting 
at 


address 32 (decimal). 
The ICM7211s are addressed 
by 
MOVX instructions 
to these external ram locations. 
The 
extra decoded 
outputs 
of the 74LS138 can be used as 
chip selects for other I/O devices. 


Microprocessor Interlace via I/O Port 


Figure 16showsone8 
bit I/O port driving two ICM7211s 


or ICM7212s. The data and digit selects are controlled 
by the lower 6 bits, while 
the upper 
two 
bits control 


which 
display 
driver receives the data. 


Remote Display via UART 


The 
serial 
input 
stream 
is assembled 
into 
an 8 bit 
parallel output 
by the UART, then the UART brings the 
DR (data ready) line high (See FigureJI). 
The schmitt 
trigger 
and RC del~ive 
both the CS inputs 
of the 
ICM7211s 
and the ORR (data ready rese.!lJ2.i.n of the 
UART When the schmitt trigger 
drives the ORR low, the 
DR pin goes low, and after a short delay, the output 
of 
the schmitt 
trigger 
output 
goes back high. This low- 
going 
pulse on the schmitt 
trigger 
output 
latches the 
data into the ICM7211s. 


Display Interlace for ICL7135 A/D 


Figure 18 shows an ICM7212 interfaced 
to the 4V2 digit 
A/O, ICL7135. The polarity 
and 'h digit 
segments 
are 
driven by 0 flip-flops 
that latch polarity 
and 'h digit data 
at 
the 
end 
of 
each 
measurement. 
The 
ICL7135 
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32,768 Hzo 


TO 
PIN 
36 


ICM7211 


OSCILLATOR 


BP 
ICM7211> 
PINS 


LOGIC 
INPUT 
1= SEGMENT 
ON 
o " SEGMENT 
OFF 


LOGIC 
INPUT 
1 " SEGMENT 
ON 
0" SEGMENT 
OFF 


TO 
"ALWAYS 
OFF" 


OR UNUSED 
LCD 


SEGMENTS 


BCD/BINARY 
4 


DATA 


[ 


08 
07 
0' 
DIGIT 
OS 
SELECTS 
04 
03 
02 
01 


Overrange 
output drives the ICM7212 Brightness 
input, 


blanking 
the four least significant 
digits when the input 


voltage 
is greater than full-scale. 


Similar 
to the 
LED 
display 
system, 
Figure 
19 uses 


Maxim's ICM7211 LCD display driver to drive 4 digits of 
LCD display. The backplane 
signal of the ICM7211 and 


the CMOS exclusive 
OR gates are used to drive the 1/2 


digit and the polarity 
sign. The 4 AND gates combine 


the ICM7135's 
digit 
outputs 
with 
its Strobe 
output 
to 


generate the digit select signals that latch data into the 
ICL7211. Since the Strobe occurs 
in the middle of each 


digit's 
data there is more than enough 
data setup and 


hold time to ensure that valid data is latched. The OR 
gates will force the BCD data to all ones when over- 
range goes high. The ICM7211A will blank the display 
when all ones (hex F) is loaded. 


SEGMENT 
INPUT 
DATA FOR ICM7211 


F 
E 
A 
83 
82 
81 
80 


0 
0 
0 
0 
0 
0 
1 


0 
0 
1 
0 
0 
1 
1 
0 
1 
0 
1 
1 
0 
1 
0 
1 
1 
0 
0 
1 
0 


1 
0 
0 
0 
1 
0 
0 


1 
0 
1 
0 
1 
0 
1 


1 
1 
0 
1 
0 
1 
1 


1 
1 
1 
0 
0 
0 
0 


0= OFF 
1 = ON 


Table 2A: Using Segments 
to Drive Annunciators, 
ICM7211 


SEGMENT 
INPUT 
DATA FOR ICM7211 


F 
E 
A 
83 
82 
81 
80 


0 
0 
0 
1 
1 
1 
1 
0 
0 
1 
0 
1 
0 
1 
0 
1 
0 
0 
0 
0 
1 
0 
1 
1 
0 
0 
1 
1 


1 
0 
0 
1 
1 
0 
1 
1 
0 
1 
0 
1 
1 
0 
1 
1 
0 
1 
1 
0 
0 


1 
1 
1 
0 
0 
0 
0 


TO CHIP SELECTS OF 
OTHER ICM7211'. 
OR OTHER 1/0 
---- 


LS138 
.MAXIM 
ICM7211M 


Q1 
E1 
ll7 
OR 
Q. 
U 
0, 
ICM7212M 


Q, 
E3 
: 


Q2-4 
A,B,C 
<50 
~ 


Q1 
OS2 
co 
oSl 


BG-B3 
= 


'" 
ili 
::: 
'" 
ll1IlI 
ill 
'" •. ill 
ill '" 
TR 1602 
10K 
UART 
DR 
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10 
" 
11 
•• O. 
,. 
30 83 
,. 
29 82 
,. 
26 81 


13 
27 BO 


12 
05 


21 
STROBE 


27 
OR 
NlAXINl 
ICM7211(A) 


..MAXI/II"I 
ICL7135 


ruu~ ""'!I" ""'J:Jp,ay 
Decoder/Drivers 


2-26 


28 SEGMENTS I 
AND 
BACKPLANE 


DEVICE 
WITH 
COMMON 
ANODE 
MULTIPLEXED 
LED 
OUTPUT 


1 ~AXI.M 
35 
ICM7211A 
D' 
34 
D' 
33 
02 
32 
D1 31 


83 
30 4 
8'. 
:~295~: 
80 
28 8 
1', 
27 
7 
COUNT 
8 
STORE 
9 


~~~E~ 
10,. 


D.C. 
23 
GND 
20 


01 
28 
02 
27 
D' 
26 
04 
25 


• 74C915 A 
or 
A 
BO 
B 
b 
B 
B1 
B' 
e 
c 
e 
B2 
D 
d 
D 
B' 
E 
D' 
D. 
D2 
D1 
GND 
F 
G 
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.119" G2 
(3.02mm) 


F2 


________ 
G,eneral Description 


The 
Maxim 
ICM7217 
family 
of 
4 digit 
presettable 


up/down 
counters 
contain 
a 4 digit, 
7 segment 
LED 


display driver and a presettable 
comparison 
(predeter- 


mining) 
register, The counter 
and comparison 
register 


can 
be 
preset 
using 
either 
thumb'Nheel 
switches, 


jumpers, 
or external 
digital 
logic, 


The ICM7217 (common 
anode) 
and ICM7217A 
(com- 


mon cathode) 
are decade 
counters 
with a maximum 


count 
of 9999, The ICM7217B 
(common 
anode) 
and 


ICM7217C (common 
cathode) 
are modul060 
counters 


intended 
for hours/minutes 
or minute/seconds 
timing 


applications, 
and have a maximum 
count 
of 5959, 


These devices also provide multiplexed 
BCD outputs, a 


Carry/Borrow 
output 
allowing 
ICM7217s 
to be cas- 


caded, a Zero output which indicates when the count is 
equal 
to zero, and an Equal 
output 
which 
indicates 


when the count 
is equal to the value contained 
in the 


comparison 
register, The 
ICM7217 "also has a Reset 


input and a display 
latch with store input 


__________ 
Applications 


The Maxim ICM7217 significantly 
reduces the number 
of components 
required 
in many timing, 
counting 
and 


frequency 
counter 
applications, 


Typical applications 
include: 


Predetermining 
Batch Counter 


Tachometer 
Over/Under 
Speed Detector 


Count 
Down/Elapsed 
Timer 
Unit Counter 
Frequency 
Counter 


BCD 
{ 


OUTPUT 


COUNT INPUT 


~~I~JXI~~I 
4 Digit (LED) Presettable 
Up/Down 
Counter 


• 
Pin for Pin Second Source! 


• 4 Digit Up/Down 
Counter 


• 
Directly Drives LED Display 


• 
Presettable Counter and Compare Register 


• 
Interfaces with Thumbwheel 
Switches or 
Digital Logic 


• 
Can Be Cascaded 


• 
Multiplexed BCD I/O 


• 
Up/Down, 
Store and Reset Inputs 


• 
Monolithic, Low Power CMOS 
Design 


PART 
TEMP. RANGE 
PACKAGE 


ICM7217IJI 
-20°C 
to +85°C 
28 Lead CERDIP 


ICM7217IPI 
-20° C to +85° C 
28 Lead 
Plastic 
DIP 


ICM7217AIJI 
-20° C to +85°C 
28 Lead CERDIP 


ICM7217AIPI 
-20°C 
to +85°C 
28 Lead 
Plastic 
DIP 


ICM7217BIJI 
-20°C 
to +85°C 
28 Lead CERDIP 


ICM7217BIPI 
-20° C to +85° C 
28 Lead 
Plastic 
DIP 


ICM7217CIJI 
-20° C to +850 C 
28 Lead CERDIP 


ICM7217CIPI 
-20° C to +85°C 
28 Lead Plastic 
DIP 


.;tIYI.lJXI"YI 
ICM7217 
ICM7217B 
• 


Upl &luwn "uunr;er 
ABSOLUTE MAXIMUM RATINGS 


Supply Voltage 
6V 
Digit Output Current 
......•..•......•................ 
500mA 
Power Dissipation 
28 Pin CERDIP 
......................•..•........... 
1.0W 
derate 25mW/'C 
above 50'C 
28 Pin Plastic (copper leadlrame) 
......•..•........... 
1.0W 
derate 25mW/'C 
above 50'C 


Temperature Range 
Operating 
-20'C 
to +85'C 


Plastic Chip Carrier (Quad) Package (Q) 
O'C to +70'C 


Storage 
-65'C 
to +160'C 


Lead Temperature (Soldering, 
10 sec.) 
+300'C 


Segment Output Current 
,. 100mA 


Input Voltage (any terminal) 
(Note 1) 
-0.3V to (V+ +0.3V) 


Note 1: 
The maximum input voltage may be exceeded il the maximum input current is limited to 1mA. 


Stresses above those listed under "Absolute Maximum 
Ratings" may cause permanent 
damage to the device. These are stress ratings only and functional 
operation 
of the device at these or any other conditions 
above those indicated in the operational 
sections of the specifications 
is not implied. Exposure to 


absolute maximum rating conditions for extended periods may affect device reliability. 


ELECTRICAL CHARACTERISTICS 


(v+ = 5V± 10%, TA = 25'C, test circuit, display diode drop = 1.7V,unless noted.) 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Supply Current 
1+ 
Display 011, LC, DC, UP/ON, ST, 
350 
500 
IJA 
(Lowest Power Mode) 
(7217) 
RS, BCD I/O Floating or at V+ (Note 2) 


Supply Current 
I'ON 
Common Anode, Display On, all "8's" 
175 
200 
mA 
OPERATING 
Common Cathode, Display On, all "8's" 
85 
100 
mA 


Supply Voltage 
v' 
4.5 
5 
5.5 
V 


Digit Driver Output Current 
Common Anode, VOUT= V+ - 2.0V 
140 
200 
mA 
IDIG 
peak 


SEGment Driver 
ISEG 
Common Anode, VOUT= +1.5V 
mA 
Output Current 
-20 
-30 
peak 


Digit Driver Output Current 
IDiG 
Common Cathode, VOUT= +1.0 
-50 
-70 
mA 
peak 


SEGment Driver 
ISEG 
Common Cathode, VOUT= V+ - 2V 
mA 
Output Current 
10 
12.5 
peak 


Digit and Segment 
'LK 
LR Low 
-100 
+100 
IJA 
Leakage Current 


ST, RS, UP/ON Input 
V,L 
0.8 
V 
Low Voltage 


ST, RS, UP/ON Input 
V,H 
2.4 
V 
High Voltage 


ST, RS, UP/ON Input 
Ip 
VOUT= V+ -2V (Note 2) 
5 
25 
100 
IJA 
Pullup Current 


Three Level Input Voltages 
LR, LC, DC, V+ = 5V 
Input High 
V1NH 
4.2 
V 
Input Floating 
V,NF 
2.0 
2.7 


Input Low 
V,NL 
0.6 


Three Level Impedance 
Z,N 
100 
kfl 


BCD I/O Input High Voltage 
VB1H 
Common Anode V+ = 5.0V 
1.8 
V 


Common 
Cathode V+ = 5.0V 
V 
-0.6 
V 


BCD I/O Input Low Voltage 
VB1L 
Common Anode V 
= 5.0V 
0.8 
V 


Common 
Cathode V+ = 5.0V 
V 
-1.8 
V 


BCD I/O Pullup Current 
VBPU 
Common Cathode V,N= V 
- 2V (Note 2) 
5 
25 
300 
IJA 


BCD I/O Pulldown Current 
VBPD 
Common Anode V,N= +1.3V (Note 2) 
5 
25 
300 
IJA 


BCD I/O, CARRY/BORROW, 
VOH= V+ - 1.5V 
ZERO, EQUAL Outputs 
IBOH 
-1 
mA 
Output High Current 


BCD I/O, CARRY/BORROW, 
ZERO, EQUAL Outputs 
IBOL 
VOL=+O.4V 
+2 
mA 
Output Low Current 


4 Digit (LED) Presettable 
Up/Down Counter 


ELECTRICAL CHARACTERISTICS 
(V· = 5V ± 10%,TA = 25°C, test circuit, display diode drop = 1.7V,unless noted.) 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Count Input Frequency 
fiN 
V+ = 5V ± 10%, -20°C < TA < +70°C 
0 
5 
2 
MHz 


Count Input Threshold 
VTH 
V 
= 5V 
0.8 
2 
3.5 
V 


Count Input Hysteresis 
VHYS 
V 
- 5V 
0.5 
V 


Count Input Leakage 
I'N 
-1 
+1 
IJ.A 


Display Multiplex 
Rate 
fMux 
Not Loading 
100 
625 
Hz 
Loading 
200 
- 
5000 


Display Scan 
fos 
Free-running 
2.5 
kHz 
Oscillator 
Frequency 
(SCAN Terminal Open Circuit) 
Interdigit 
Blanking Time 
tjdb 
750 
3000 
ns 


Operating 
TA 
Industrial Temperature Range 
-20 
+85 
°C 
Temperature Range 


PIN NUMBER 


COMMON 
COMMON 
ANODE 
CATHODE 
PIN NAME 
FUNCTION 
ICM7217 
ICM7217A 
ICM7271B 
ICM7217C 


24 
24 
v+ 
Positive Power Supply. 5V ± 10% 


20 
19 
GROUND 
Ground. 


28,27,26,25 
18,17,16,15 
D1,D2,D3,D4 
These Digit Drive outputs directly drive the anodes (ICM7217 and ICM7217B) or 
the cathodes (ICM7217A and ICM7217C) of seven segment LED displays. D1 is 
the rightmost 
or least significant 
digit. 


16,21,15,17, 
23,27,25,28 
Segments A-G 
These Segment Drive outputs directly drive 7 segment LED displays. Current 
19,18,22 
22,26,21 
limiting 
resistors are NOT required. 


7,6,5,4 
7,6,5,4 
BCD I/O 1,2,4,8 
During normal operation these pins are BCD outputs, whose data corresponds 
to 
the count latched into the Store register. The data is multiplexed, 
digit by digit, 


going from the most significant 
digit (1000's) to the least significant 
digit (1's). 
The BCD data is valid approximately 
6IJ.sbefore the leading edge of each digit 
(rising edge of ICM7217/B digit outputs, falling edge of ICM7217A/C common 
Cathode outputs). 
During Load Counter and Load Register operations, 
the BCD 
I/O pins are inputs. BCD input data is latched by the trailing edge each digit 
period during Load Counter and Load register operations. 
The BCD input voltage 
ievels are skewed to allow the use of thumbwheel 
switches connected 
to the digit 


driver to load BCD data. A positive voltage level is an input logic zero for the 
ICM7217A/C common cathode versions. 


8 
8 
COUNT 
Positive-going 
transitions 
of the COUNT input increment 
or decrement the 
counter, except when RESET is low or a load counter operation 
is in progress. 


The COUNT input is compatible 
with CMOS. TTL compatibility 
can be ensured 
by using a 4.7 kilohm pullup resistor on the TTL output. The COUNT input has 
500mV of hysteresis, allowing the use of slow risetime input signals. 


9 
9 
STORE 
When STORE is low, the counter's contents appear at the LED digit and segment 
outputs, and at the BCD outputs. When STORE goes high, the current count is 
latched into the display latch, and that latched data appears at the LED drive and 
BCD outputs. Store has an internal 25IJ.Apull up. 


10 
10 
UP/DOWN 
The counter counts up with each rising edge of Count when UP/DOWN is high. 
Conversely, the counter decrements with each rising edge of Count when 
UP/DOWN is low. UP/DOWN must be set up 300 nanoseconds 
before the rising 
edge of Count, and must be held stable for 750 nanoseconds 
after the rising edge 
of Count. Transitions on UP/DOWN during the 750 nanoseconds 
after the rising 
edge of Count may erroneously 
increment or decrement the upper counter stages. 


4 Digit (LED) Preset table 
Up/Down Counter 


PIN NUMBER 


COMMON 
COMMON 


ANODE 
CATHODE 
PIN NAME 
FUNCTION 


ICM7217 
ICM7217A 


ICM7271B 
ICM7217C 


14 
14 
RESET 
Driving RESET low resets the counter to 0000. RESET does not clear the display 
latch unless both RESET and STORE are low. Since the RESET operation is 
performed by placing 0 on the internal BCD data bus and presetting all four 
counter stages, simultaneous RESET and Load register operations will load 0000 
into the comparison registers. To avoid erroneous loading of zeroes into the 
comparison register, do not take RESET low unless LOAD REGISTER has been 
low or floating for at least 5 milliseconds. The RESET input has an internal 25/'A 
pull up, but it should be actively driven or pulled up with an external 4.7 kilohm 
when the ICM7217 is used in electrically noisy environments. 


1 
1 
CARRY/BORROW 
The CARRY/BORROW output is a short positive going pulse (typically 1/'s long) 
that occurs at the 9999 to 0000 transition when counting up, and the 0000 to 9999 
transition when counting down. The CARRY/BORROW output is used to drive the 
COUNT input of a second iCM7217 in an 8 digit counter. 


2 
2 
ZERO 
This output is low whenever the counter's contents are 0000, independent of the 
display latch contents. The ZERO output is not valid during a load counter 
operation (while LOAD COUNTER is high and for 5 milliseconds after LOAD 
COUNTER was high). 


3 
3 
EQUAL 
This output is low whenever the counter's contents equals the contents of the 
comparison register. This output is not valid during Load Counter and Load 
Register operations (while LOAD COUNTER or LOAD REGISTER is high, and for 
5 milliseconds after either LOAD COUNTER or LOAD REGISTER was high). 


13 
13 
SCAN 
In most applications, the scan pin is left floating and the internal multiplex scan 
frequency of 2500Hz is used. Connecting a capacitor between V+ and the SCAN 
pin lowers the multiplex oscillator frequency. If desired, the SCAN pin can be 
externally driven. The internal digit multiplex counter advances with each 
positive-going edge at SCAN, and the digit outputs are enabled only while the 
SCAN pin is low. LED display brightness can be controlled by varying the duty 
cycle at the SCAN input. The SCAN pin is internally disconnected and the 
internal oscillator is used during Load Counter and Load Register operations. 
This increases the scan frequency to 8kHz, reducing the time required for a load 
counter or load register operation. 


23 
20 
DISPLAY 
This is a three-level input with internal 100 kilohm resistors which bias the pin to 


CONTROL 
2.5V when it is floating. Leading Zero Blanking is enabled when this pin is floated 
or driven to 2.5V.Leading Zero Blanking is inhibited when this pin is connected to 
Ground. The segment drivers are disabled and the LED display is blanked when 
this pin is connected to V+ BCD outputs and digit outputs remain active. 


11 
11 
LOAD 
This is a three-level input. Leave the pin floating or drive it to 2.5V for normal 


REGISTER/OFF 
operation. Connect the LOAD REGISTER/OFF pin to ground to put the ICM7217 
into the shutdown mode. This puts the segments drivers, the digit drivers, and the 
BCD I/O into a high impedance state. The ICM7217 will continue to count 
normally while in the shutdown mode. A high pulse (100ns minimum) starts the 
LOAD REGISTER operation. The SCAN pin is disconnected from external circuitry 
and the multiplex counter is reset to D4. The digits are then scanned in the 
sequence D4, D3, D2, D1; and the internal comparison register is loaded with the 
data present at the BCD I/O pins at the end of each digit period. At the end of the 
D1 digit period, the LOAD REGISTER is still high. If thumbwheel switches are 
connected as shown in Figure 1,the value on the thumbwheel switches is loaded 
into the comparison register. 


12 
12 
LOAD COUNTER/ 
The LOAD COUNTERII/O 
OFF pin is a three-level input. Leave it floating or drive 


I/O OFF 
it to 2.5V for normal operation. Connecting LOAD COUNTER/I/O 
OFF to ground 


puts the BCD output into a high impedance state, but does not affect the LED 
drive outputs. A high pulse (100ns minimum) starts the LOAD COUNTER 
operation. The LOAD COUNTER operation presets counter contents to the value 
on the thumbwheel switches (Figure 1), in the same manner as the load register 
operation described above. 


Four Digit, Preset and Predetermining 
Counter 


The test circuits, 
Figures 
1 and 2, are complete 
four 
digit up/down 
counters with preset and predetermining 


(comparison) 
capability. Momentarily 
pressing the Load 
Counter 
switch 
will preset the counter 
to the number 
set into the thumbwheel 
switches. 
Similarly, 
momen- 
tarily 
pressing 
the Load Register 
switch 
will load the 
predetermining 
or comparison 
register with the number 
set into the thumbwheel 
switches. 


When the Store switch 
is closed, 
the displayed 
count 
follows the counter. Opening 
the Store switch "freezes" 


the display 
at the current 
count. 
Closing 
the 
Reset 
switch 
at any time clears the counter 
to 0000. 


The 
ZERO 
output 
goes 
low 
whenever 
the 
counter 
content 
is 0000, 
and 
the 
EQUAL 
output 
goes 
low 
whenever 
the count 
reaches the value in the predeter- 
mining 
or comparison 
register. 


Eight Digit Counter 


The CARRY /80RROW 
output is used to cascade two 4 
digit counter 
sections 
to form an eight digit counter. 
If 
leading 
zero 
blanking 
is desired, 
drive 
the 
Display 
Control 
pin of the least significant 
ICM7217 
with 
an 


NPN transistor 
whose 
base is connected 
to the Zero 
output 
of the most significant 
ICM7217. 


4 Digit (LED) Presettable 
Up/Down Counter 


SYM. 
DESCRIPTION 
MIN 
TYP 
MAX 
UNITS 


tUGs 
UP/DOWN setup 
300 
ns 
time (min.) 


tUCh 
UP/DOWN hold 
750 
ns 
time (min.) 


tCUh 
COUNT pulse 
100 
250 
ns 
high (min.) 


tCUI 
COUNT pulse 
100 
250 
ns 
low (min.) 


COUNT to 


tca 
CARRY/ 
750 
ns 
BORROW delay 


CARRY/ 


taw 
BORROW pulse 
100 
ns 


width 


tCEI 
COUNT to 
500 
ns 
EQUAL delay 


tCZ1 
COUNTto 
300 
ns 
ZERO delay 


Multiple Setpolnts 


Analog 
switches 
such 
as the CD4066 
can drive 
the 
8CD 
I/O pins. In Figure 3, the number 
set on thumb- 


wheel switch 
A is loaded into the comparison 
register, 


the 
number 
on 
thumbwheel 
switch 
8 
presets 
the 


counter. 


Trailing Zero Display 


In some applications 
leading zero blanking 
is desired, 


but a count of 0000 must result in a display of a single a 
in the rightmost 
digit. 
Figure 
4 performs 
this task by 


driving 
Display 
Control 
to the "disable 
leading 
zero 


blanking" 
state whenever 
digit D1 is active. 


Batch Counter or Divide by N Counter 


The circuit 
of Figure 5A will put out a pulse each time 
~ 
the count reaches the number loaded into the compari- 
•• 
son register. 


RESET is taken low each time the count 
reaches the 
preset number, resetting the counter 
to 0000. The AND 
gate is used for feedback 
to RESET, since a simple RC 
circuit can "lockup" 
if the comparison 
register is loaded 


with 0000. 


Figure 
58 is a similar 
circuit, 
except 
that the counter 


counts down, and is preset each time the count reaches 
zero. Since the Load Counter 
(preset) 
operation 
may 


take as long as 5 milliseconds, 
this circuit 
should 
be 


used only 
with 
signals 
of 12,000 counts 
per minute 


(200Hz) or less. 
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4 Digit (LED) Presettable 
Up/Down Counter 


________ 
Application 
Hints 


1. Use a minimum 
of 47J.LFin parallel 
with 
a O.1J.LF 
ceramic 
bypass capacitor 
between 
V+ and ground, 


in the 
immediate 
vicinity 
of the 
ICM7217. 
This 
bypassing 
is required 
to reduce 
the power supply 
ripple created 
by the high current 
multiplexed 
LED 
drive signals. 


2. Use the Common 
Anode 
versions 
(ICM7217 
and 
ICM7217B) 
where 
the 
brightest 
LED 
display 
is 
desired. 


3. The SCAN pin can be used to control 
digit sequen- 
cing while 
reading 
BCD output 
data with a micro- 
processor, 
but the SCAN 
pin is disconnected 
and 
the multiplex 
rate is increased 
to 2kHz during 
the 
load register 
and load counter 
operations. 


4. Load counter 
and load register operations 
continue 


for up to 5 mill iseconds 
after the LOAD COU NTER 
or LOAD REGISTER 
pin has returned 
to the floating 
state. During 
this 5 millisecond 
period, 
RESET will 
load 
a zero 
into 
some 
or all of the digits 
of the 
counteror 
register. EQUALS and ZERO are not valid 
during 
this 
loading 
period, 
and 
the 
counter 
is 
inhibited 
during 
the load counter 
operation. 


5. If the UP/DOWN 
input 
changes 
state 
during 
the 
750ns after a positive transition 
at COUNT, the upper 
digits of the counter may be erroneously 
incremented 
or decremented. 
This is caused by the transmission 
of erroneous 
carry/borrow 
signals to adjacent 
digits 
when 
major 
bit changes 
occur 
in a digit 
counter 
coincident 
with an up/down 
input 
transition. 
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6. If the 200ns STOR E high to RESET low setup ti me is 
not met, RESET may clear some of the bits in the 
display 
latch. 


7. Data cannot be transferred 
directly 
from the counter 


tothe comparison 
register. Use a 74C915 7-segment- 
to-BCD 
reverse decoder 
between the segment 
out- 


puts and the BCD inputs. 
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_______ 
General Description 


The 
Maxim 
ICM7218 display 
driver 
interfaces 
micro- 
processors 
to an 8 digit, 
7 segment, 
numeric 
LED 
display. 
Included 
on chip are two types of 7 segment 
decoders, 
multiplex 
scan circuitry, 
segment 
and digit 
drivers, 
and an 8 x 8 static 
memory. 


The ICM7218A 
and ICM7218B 
accept 
data in a serial 
format 
and 
drive 
common 
anode 
(ICM7218A) 
or 
common 
cathode 
(ICM7218B) 
displays. 
The ICM7218C 
and 
ICM7218D 
accept 
data 
in a parallel 
format 
and 
drive common 
anode (ICM7218C) 
or common 
cathode 
(ICM7218D) 
displays. 
All four versions 
can display the 
data 
in either 
hexadecimal 
or code 
B format. 
The 
ICM7218A 
and 
ICM7218B 
also feature 
a No Decode 
mode 
where 
each 
individual 
segment 
can 
be inde- 
pendently 
controlled. 
This 
is particularly 
useful 
in 
driving 
bar graphs. 


The 
Maxim 
ICM7218 
is an alternative 
for 
both 
the 
Intersil ICM7218 and ICM7228. When ordering, 
specify 
ICM7218 for both devices. 


Instrumentation 


Test Equipment 


Hand Held 
Instruments 


Bargraph 
Displays 


Panel Meters 
____ 
Typical Operating Circuit 
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8 Digit LED Display Driver 


____________ 
Features 


• 
Improved 2nd Source! See 3rd page of this data 
sheet for our "Maxim Advantage'·" 


• 
Fast Access Time: 200ns Write Pulse Width 


• 
Microprocessor 
Compatible 


• 
Hexadecimal 
and Code B Decoders 


• 
Individual Segment Control with "No Decode" 
Feature 


• 
Digit and Segment 
Drivers On-Chip 


• 
Common 
Anode and Common 
Cathode 
LED 
versions available 


• 
Low Power CMOS 


PART 
TEMP. RANGE 
PACKAGE' 


ICM7218AIPI 
-20°C 
to +85°C 
28 Lead Plastic DIP 


ICM7218AIJI 
-20° C to +85° C 
28 Lead CERDIP 


ICM7218BIPI 
-20°C 
to +85°C 
28 Lead Plastic DIP 


ICM7218BIJI 
-20° C to +85° C 
28 Lead CERDIP 


ICM7218CIPI 
-20°C 
to +85°C 
28 Lead Plastic DIP 


ICM7218CIJI 
-20°C 
to +85°C 
28 Lead CERDIP 


ICM7218DIPI 
-20°C 
to +85°C 
28 Lead Plastic DIP 


ICM7218DIJI 
-20°C 
to +85°C 
28 Lead CERDIP 


SEG C 


SEG E 


SEG 8 
[P. 


1061HEXA/COOE 
81 


10510ECOOEI 


107 InATA COMINGI 


WRITE 


MODE 


104 ISHUTOOWNI 


101 


100 


102 


103 


GROUND 


SEG A 


SEG G 


SEG 0 


SEG f 


DIGIT 3 


DIGIT 6 


DIGIT 7 


DIGIT 4 
v· 


DIGIT 8 


DIGIT 5 


DIGIT 2 


DIGIT 1 


The "Maxim 
AdvantageN" 
signifies 
an upgreded 
quality 
level. 
At no additionel 
cost 
we offer a second-source 
device 
that is subject 
to the following 
guaranteed 
performance 
over 
temperature 
along 
with 
tighter 
test 
specifications 
on 
many 
key 
parameters; 
and 
device 
enhancements, 
when 
needed, 
that 
result 
in improved 
performance 
without 
changing 
the functionality. 
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ABSOLUTE 
MAXIMUM 
RATINGS 
Supply 
Voltage 
6V 
Power 
Dissipation 
(28 Pin Plastic 
Digit 
Output 
Current 
500mA 
with 
Copper 
Leadframe) 
1.0W (Note 
2) 


Segment 
Output 
Current 
100mA 
Power 
Dissipation 
(28 Pin Quad 
Pack) 
0.8W 
(Note 
2) 


Input 
Voltage 
(any 
terminal) 
V+ + 0.3V to GND 
-0.3V 
Operating 
Temperature 
Range.......... 
-20°C 
to +85°C 
(Note 
1) 
Storage 
Temperature 
Range 
-65°C 
to 160°C 
Power 
Dissipation 
(28 Pin CERDIP) 
1.0W (Note 
2) 
Lead 
Temperature 
(Soldering 
10 sec) 
300°C 


Stresses above those listed under ''Absolute Maximum Ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional 
operation 
of the device at these or any other 
conditions 
above 
those indicated 
in the operational 
sections 
of the specifications 
;s not 
implied. 
Exposure 
to absolute 
maximum 
ratings 
conditions 
for extended 
periods 
may affect 
device 
reliability. 


ELECTRICAL 
CHARACTERISTICS 
(v+ = 5V ± 10%, TA = 25°C) 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Operating 
Voltage 
V+ 
Power 
Down 
Mode 
4 
6 
V 
2 
6 


Quiescent 
Supply 
Current 
10 
Shutdown 
(Note 
3) 
6 
10 
300 
IJA 


Operating 
Supply 
Current 
lop 
Decoder 
On, Outputs 
Open 
Ckt 
250 
950 
IJA 
No Decode, 
Outputs 
Open 
Ckt 
200 
450 


Digit 
Drive 
Current 
IOIG 


Common 
Anode 
VOUT = V+ - 2.0V 
-170 


;.,*(J 
mA 
Common 
Cathode 
VOUT = V' + 1V 
50 


Digit 
Leakage 
Current 
IOLK 
100 
IJA 


Peak Segment 
Drive 
Current 
ISEG 
Common 
Anode 
VOUT = V' + 1.5V 
20 
25 
mA 
Common 
Cathode 
VOUT = V+ - 2.0V 
-10 


Segment 
Leakage 
Current 
ISLK 
50 
IJA 


Display 
Scan 
Rate 
fMux 
Per Digit 
["....~...~ ~ ,r 
250 
Hz 


Three 
Level 
Input 
Logical 
"1" 
Input 
Voltage 
V'NH 
Hexadecimal 
ICM7218C, 
D (pin 
9) 
4.0 
V 
Floating 
Input 
V'NF 
Code 
a ICM7218C, 
D (Pin 9) 
2.0 
3.0 
Logical 
"0" 
Input 
Voltage 
V'NL 
Shutdown 
ICM7218C, 
D (Pin 9) 
1.75 


Three 
Level 
Input 
Impedance 
Z'N 
Note 
3 
100 
kO 


Logical 
"1" Input 
Voltage 
V'H 
3.5 
V 
Logical 
"0" Input 
Voltage 
V,L 
0.8 


Write 
Pulse Width 
(Negative) 
tw 
7218A. a 
550 
400 
Write 
Pulse Width 
(Positive) 
tw 
550 
400 
ns 


Write 
Pulse Width 
(Negative) 
tw 
7218C, D 
400 
250 
Write 
Pulse Width 
(Positive) 
tw 
400 
250 
ns 


Mode 
Hold 
Time 
tmh 
7218A, a 
150 
ns 


Mode 
Pulse Width 
tm 
7218A, a 
500 
ns 


Data Set Up Time 
tds 
500 
ns 


Data Hold 
Time 
tdh 
25 
ns 


Digit 
Address 
Set Up Time 
tdas 
ICM7218C, 
D 
500 
ns 
Digit 
Address 
Hold 
Time 
td8h 
ICM7218C. 
D 
100 


Data 
Input 
Impedance 
Z'N 
5-10pF Gate Capacitance 
10'0 
Ohms 


Note 
1: 
Due to the SCR structure 
inherent 
in the CMOS 
process 
used to fabricate 
these devices. 
connecting 
any terminal 
to a 


voltage 
greater 
than V+ or less than GROUND 
may cause destructive 
device 
latchup. 
For this reason it is recommended 


that 
no inputs 
from 
sources 
operating 
on a different 
power 
supply 
be applied 
to the device 
before 
its own 
supply 
is 


established. 
and when 
using 
multiple 
supply 
systems 
the supply 
to the ICM7218 
should 
be turned 
on first. 


Note 2: 
These limits 
refer to the package 
and will not be obtained 
during 
normal 
operation. 
Derate above 50°C 
by 25mW per °C. 


Note 3: 
In the 
ICM7218C 
and 
D (random 
access 
versions) 
the 
HexaiCode 
a/Shutdown 
Input 
(Pin 
9) has 
internal 
biasing 


resistors 
to hold 
it at V' /2 when 
Pin 9 is open 
circuited. 
These 
resistors 
consume 
power 
and 
result 
in a Quiescent 


Supply 
Current 
(10) of typically 
SOIJA.The ICM7218A 
and a devices 
do not have these biasing 
resistors 
and thus are not 


subject 
to this condition. 


The electrical characteristics above are a reproduction 
of a portion of Intersil's copyrighted (1983, 1984) data book. This information does not 


constitute 
any representation 
by Maxim 
that Intersit's 
products 
will perform 
in accordance 
with these specifications. 
The Electrical 
Characteristics 
Table along with the descriptive excepts from manufacturer's data sheet have been included in this data sheet solely for comparative purposes. 
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• 
200ns Write Pulse Width 
• 
Guaranteed 
Interdigit 
Blanking 
Time 


• 
Zero 
Hold Time - Mode, 
Data and Address 
• 
Increased 
LED 
Display 
Drive Current 


• 
Single 
Digit 
Update 
Mode 
ICM7218A, 
B 
• 
Improved 
ESD Protection 
(Note 
4) 


• 
Maxim 
Quality 
and Reliability 


ELECTRICAL 
CHARACTERISTICS 
(v+ = 5V ± 10%, TA 
= 25·C) 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Supply 
Voltage 
V+ 
-20·C 
~ TA 
~ 
+85·C 
Operating 
4 
6 
V 
Data Retention 
2 
6 


Shutdown 
Supply 
Current 
10 
ICM7218A, 
B 
5 
300 
pA 
ICM7218C, 
D (3 level input 
open) 
25 
300 


Decoding 
all 8's, display 
open 
200 
450 
pA 


Operating 
Supply 
Current 
lop 
No Decode, 
display 
outputs 
open 
200 
450 
pA 
Display 
blank, 
driving 
display 
200 
450 
pA 
Decoding 
all 8's and D.P.s, driving 
display 
240 
mA 


Digit 
Drive 
Current 
IOIG 
Common 
Anode 
VOUT 
= y+ - 2.0V 
-200 
-300 
mA 
Common 
Cathode 
VOUT 
= 1.0V 
50 
70 
mA 


Shutdown, 
V+ = 5V 
Digit 
Leakage 
Current 
IOLK 
Common 
Anode, 
VOUT 
= OV 
-10 
-100 
pA 
Common 
Cathode, 
VOUT 
= 5V 
10 
100 
pA 


Peak Segment 
Drive 
Current 
ISEG 
Common 
Anode 
VOUT 
= 1.5V 
20 
30 
mA 
Common 
Cathode 
VOUT 
= V+ - 2.0V 
-10 
-20 


Shutdown, 
V+ = 5V 
Segment 
Leakage 
Current 
ISLK 
Common 
Anode, 
VOUT 
= 5V 
-1 
-50 
pA 
Common 
Cathode, 
VOUT 
= OV 
1 
50 
pA 


All Inputs 
except 
pin 9 of ICM7218C, 
0 


Input 
Leakage 
Current 
I'L 
y+ = 5Y, -20·C 
~ TA 
~ 
+85·C 


V'N = OV 
-0.01 
-1 
pA 
V,N = 5V 
0.01 
1 
pA 


Display 
Scan 
Rate 
fMux 
y+ = 5V 
75 
250 
Hz 


Interdlglt 
Blanking 
Time 
t'db 
y+ = 5V 
2 
10 
J1S 


Pin 9, ICM7218 
C, D only, V+ = 5V 


Three 
Level 
Input 
V1NH 
Input 
"high" 
voltage 
4.2 
V 
V1NF 
Floating 
input 
2.0 
3.0 
V 
V1NL 
Input 
"low" 
voltage 
0.8 
V 


Three 
Level 
Input 
Impedance 
l'N 
Pin 9, ICM7218C, 
0 only 
50 
100 
kO 


Input 
High 
Voltage 
V1H 
All inputs 
except 
pin 9 of ICM7218C, 
D 
2.0 
V 
Input 
Low 
Voltage 
V1L 
-20·C 
~ TA 
~ 
+85·C 
0.8 
V 


Write 
Pulse Width 
(Low) 
'..1 
200 
100 
ns 


Write 
Pulse Width 
(High) 
tWh 
1.0 
J1S 


Input 
Setup 
Time 
t'da 
All Inputs 
except 
pin 9 of ICM7218C, 
0 
250 
150 
ns 
(Note 
5) 


Input 
Hold 
Time 
t'dh 
All Inputs 
except 
pin 9 of ICM7218C, 
0 
0 
-20 
ns 
(Note 
5) 


Note 
4: 
All pins are designed 
to withstand 
electrostatic 
discharge 
(ESD) levels in excess 
of 2000V (Mil Std 883B Method 
3015.1 
Test Circuit). 
Note 
5: 
This 
specification 
replaces 
the original 
manufacturer's 
separate 
specifications 
for data, 
address, 
and mode 
inputs. 


III 
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Table 1. Input 
Definitions, 
ICM7218A 
and ICM7218B 
Note: 
Pin Configurations 
for the ICM7218A1B 
are shown 
on last page. 


INPUT 
PIN 
STATE 
FUNCTION 


WRITE 
8 
High 
Input 
Not 
Loaded 
Into 
Memory 
Low 
Input 
Loaded 
Into 
Memory 


MODE 
9 
High 
Loads 
Control 
Word 
on WR 
Low 
Loads 
Input 
Data on WR 


100-102, 
12, 11, 13 
High 
Loads 
"one" 


DIGIT 
ADDRESS 
Low 
Loads 
"zero" 


103, BANK 
SELECT 
14 
High 
Select 
RAM Bank 
A 
(Hex 
or Code 
B 
Low 
Select 
RAM 
Bank 
B 
Data only) 


104, SHUTDOWN 
10 
High 
Normal 
Operation 
(MODE 
High) 
Low 
Shutdown 


IDS, DECODE/NO 
DECODE 
6 
High 
No Decode 
(MODE 
High) 
Low 
Decode 


106, HEX/CODE 
B 
5 
High 
Hexadecimal 
Decoding 
(MODE 
High) 
Low 
Code 
B Decoding 


107, DATA COMING 
7 
High 
Data Coming 
(control 
word) 
(MODE 
High) 
Low 
No Data Coming 
(control 
word) 


100-107, 
INPUT 
DATA 
5-7, 10-14 
High 
Loads 
"one" 
(Note 
1) 
(MODE 
Low) 
Low 
Loads 
"zero" 
(Note 
1) 


Note 
1: 
A "zero" 
or low level on 107 turns 
ON the decimal 
point. 
In the NO DECODE 
mode, a "one" 
or high 
input turns 
ON the 
corresponding 
segment, 
except 
for the decimal 
point 
which 
is turned 
OFF by a high 
level on 107. 


______ 
Detailed Description 


Input Dats Forma" 


The 
ICM7218A 
and 
ICM7218B 
have three 
possible 
data formats: 
Hexadecimal, 
Code B, and No Decode. 


Figure 7 lists the character 
sets for the decode 
modes. 


The 
data 
format 
of the 
ICM7218A/B 
is selected 
by 
writing 
to bits 104, IDS, and 106 of the control 
register 


(See 
Table 
1, Input 
Definitions). 
Hexadecimal 
and 
Code B data is entered 
via 100-103 while 107 controls 
the decimal 
point. 


The No Decode mode of the ICM7218A and ICM7218B 
allows 
the direct 
segment-by-segment 
control 
of all 
64 segments 
driven by the ICM7218. In the No Decode 
mode, 
the 
inputs 
directly 
control 
the 
outputs 
as 
follows: 


Dale Input 
107 
106 
105 
104 
103 
102 
101 
100 


Controlled 
Decimal 
A 
B 
C 
E 
G 
F 
0 
Segment 
Point 


An input 
high 
level turns 
on the respective 
segment, 
except for the decimal 
point, which 
is turned 
on by an 


input 
low level on 107. 


The ICM7218C and ICM7218D have only Hexadecimal 
and Code B formats. 
The MODE 
input, 
pin 9, a three 


level 
input, 
selects 
the 
Hexadecimal 
format 
when 
driven 
high, 
the 
Code 
B format 
when 
floating 
or 


,,1/1."J X •,,1/1. 


driven 
to mid-supply, 
and the shutdown 
mode when 
driven 
low. 
Shutdown and DI.play Blanking 


When 
shutdown, 
the 
ICM7218 
enters 
a low 
power 
standby 
mode 
which 
typically 
uses 
only 
10pA 
of 
supply 
current. 
In this 
mode 
the 
ICM7218 
turns 
off 
the multiplex 
scan oscillator 
as well as the digit 
and 
segment 
drivers, 
however 
input 
data can still 
be en- 


tered when in the shutdown 
mode. Data is retained 
in 
memory 
even with 
the supply 
voltage 
as low as 2V. 


The 
ICM7218A/B 
is shutdown 
by writing 
a control 
word 
with 
Shutdown 
(104) low. The 
ICM7218C/D 
is 
put into shutdown 
mode 
by driving 
MODE 
low. 


The 
ICM7218 
operating 
current 
with 
the 
display 
blanked 
is 200pA. All versions 
of the ICM7218 can be 
blanked 
by writing 
Hex FF to all digits 
and selecting 
Code 
B format. 
The 
ICM7218A 
and 
ICM7218B 
can 
also 
be blanked 
by selecting 
No Decode 
mode 
and 
writing 
Hex 80 to all digits. 
IIlcroproc..."r 
Interlace, ICII721BA 
and ICII721BB 


All Maxim 
ICM7218A/B 
inputs, 
including 
MODE, 
fea- 
ture a 250ns minimum 
data setup and Ons hold time. 


With a 200ns minimum 
write 
pulse, the ICM7218 can 
directly 
interface 
to most microprocessor 
buses. Input 
logic 
levels are TTL and CMOS 
compatible. 
Figure 
8 
shows 
a typical 
method 
of driving 
the 
ICM7218A/B 


-- 
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Table 2. Input 
Definitions, 
ICM7218C 
and ICM7218D 
Note: 
Pin Configurations 
for the ICM7218C/D 
are shown 
on last page. 


INPUT 
PIN 
STATE 
FUNCTION 


WRITE 
8 
High 
Input 
Not Loaded 
Into 
Memory 
Low 
Input 
Loaded 
Into 
Memory 


MODE 
9 
High 
Hexadecimal 
Decode 
(Note 
1) 
Float 
Code 
S Decode 
Low 
Shutdown 


DAO-DA2, 
5,6,10 
High 
Loads 
"ones" 


DIGIT 
ADDRESS 
Low 
Loads 
"zeros" 


100 103, INPUT 
DATA 
11-14 
High 
Loads 
"ones" 


and 
107, 0.1' 
7 
Low 
Loads 
"zeros" 


Note 
1: 
Pin 9 of the ICM7218C 
and ICM7218D 
controls 
the selection 
of Hex, Code S, and Shutdown 
modes and is independent 
of the WRITE 
pulse. 


Note 
2: 
A "zero" 
or low level on 107 turns 
ON the decimal 
point 
segment. 


from a microprocessor 
bus. The MODE input is driven 
by AO and 
writing 
to an odd 
address 
updates 
the 
control 
register. 


The ICM7218A/B 
has three data entry modes: control 
word 
update without 
data update, 
8 digit data update, 


and single 
digit 
data update. 
In all three 
modes 
the 
control 
register 
is first updated 
by pulsing 
the WRITE 
input 
while 
the MODE 
input 
is high, thereby 
latching 
data 
into 
the 
control 
register. 
The 
control 
register 
selects 
Shutdown, 
Decode/No 
Decode, 
and 
Hex/ 
Code 
B operation 
as shown 
in Table 
1. A unique 
feature 
of the 
Maxim 
ICM7218A1B 
is that 
there 
are 
two 
banks 
of internal 
RAM in the 
Hexadecimal 
and 
Code 
B display 
formats. 
103 selects 
which 
bank 
of 
the internal 
RAM is displayed. 


The logic state of DATA COMING 
(107) is also latched 
during 
a control 
register update. 
If the latched value of 
DATA COMING 
(107) is high, 
the display 
is blanked 
and 
an 8 digit 
data 
update 
is initiated. 
The 
next 
8 
write 
pulses 
latch 
data 
into 
the 
8 bytes 
of 
RAM 
onboard 
the 
ICM7218A/B, 
starting 
with 
digit 
1 and 
ending 
with 
digit 
8. After 
the eighth 
write 
pulse, the 
display 
unblanks 
and the new data is displayed. 
Addi- 
tional 
write 
pulses after the eighth 
pulse are ignored. 
All 
8 digits 
are displayed 
in the 
data 
format 
(Hex/ 
Code 
B/No 
Decode) 
specified 
by the 
control 
word 
that preceded 
the 8 digit 
update. 


The control 
register can be rewritten 
without 
updating 
all 8 digits 
by writing 
to the ICM7218A1B 
with MODE 
high 
and 
DATA COMING 
low. 
No further 
action 
is 
necessary. 


Singi. Digit Update Moda 


The 
Maxim 
ICM7218A/B 
has a "single 
digit 
update" 
mode 
which 
allows 
one digit 
to be changed 
without 
updating 
the entire 
display. 
First the control 
register 


is updated 
with 
MODE 
high, 
DATA COMING 
(107) 
low, the desired 
data format 
on 104 and 106, and the 
address 
of 
the 
digit 
to 
be 
updated 
on 
data 
lines 
100-102 (See Table 3). A second write to the ICM7218 
this time with MODE low, transfers 
the data from 
IDO~ 
107 into the selected 
digit's 
RAM location. 
The data 
!ormat 
(Hex/Code 
B/No 
Decode) 
can 
be specified 
Independently 
for each digit 
when 
in the single 
digit 
update 
mode. 


Compatibility with the Int.,."IIICM721BA 
and ICM721BB 


The Maxim 
ICM7218A/B 
is upwardly 
compatible 
with 
the Intersil ICM7218A1B. The Maxim ICM7218A1B adds 
two functions: 
bank select 
and single 
digit 
update. 


100-103 are "don't 
care" when writing 
a control 
word 
to the 
Intersil 
ICM7218A/B. 
When 
writing 
a control 
word 
to the Maxim 
ICM7218A1B, 
100-102 
select 
the 
address 
for a single 
digit 
update, 
while 
103 selects 
either bank A or bank B for Hex and Code B data. 103 
is a "don't 
care" for No Decode 
data. The bank select 
feature 
is 
upwardly 
compatible 
with 
the 
Intersil 
ICM7218A1B; 
software 
written 
for 
the 
Intersil 


ICM7218A/B 
will 
work 
with 
the 
Maxim 
ICM7218A/B 
provided 
all 
control 
word 
updates 
have 
the 
same 
value for 103, either 
high or low. 


The single 
digit 
update 
is upwardly 
compatible; 
it is 
an invalid 
operation 
with the Intersil 
ICM7218A1B 
and 
is unlikely 
to occur 
in software 
originally 
written 
for 


the Intersil 
ICM7218A1B. 
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Notes: 
1. tms = tds = tdas 
~ 250ns 


2. tmh = tdh = tdah 
~ Ons 


3. tw~ 200ns 


4. WRITE is rising edge sensitive, 


not level sensitive . 


MODE.,MODE· HIGH 


WRITE 
\ 


100-107ax 


107• LOW •• 
_/ 
-~ 


CONTROLWORD 
DIGIT I 
DIGIT 2 
DIGIT 8 
UPDATE 
UPDATED 
UPDATED 
UPDATED 


MDDEJ 
VA A .~ A ;- 


~ 


I~IT 


DATA 
........................•. 


107· 
HIGH 


Notes: 
1. Any write cycle with Mode high restarts data entry sequence 
at Control 
Word Update. 


2. Display 
blanked 
by Control 
Word with Data Coming 
(107) high. 


3. Display 
unblanks 
with rising edge of WRITE to Digit 8. 


III 
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103 
101 
102 
100 
HEXADECIMAL 
CODE 
B 


0 
0 
0 
0 
0 
0 


0 
0 
0 
1 
1 
1 


0 
0 
1 
0 
2 
2 


0 
0 
1 
1 
3 
3 


0 
1 
0 
0 
4 
4 


0 
1 
0 
1 
5 
5 


0 
1 
1 
0 
6 
6 


0 
1 
1 
1 
7 
7 


1 
0 
0 
0 
B 
B 


1 
0 
0 
1 
9 
9 


1 
0 
1 
0 
A 
- 


1 
0 
1 
1 
b 
E 


1 
1 
0 
0 
C 
H 


1 
1 
0 
1 
d 
L 


1 
1 
1 
0 
E 
P 


1 
1 
1 
1 
F 
(Blank) 


a•• 
ffg'b·0, 


d 


Segment 
Assignments 


Microprocessor Interlace, 
ICM721BC 
and ICM721BD 


All Maxim 
ICM7218C 
and 
IMC72180 
inputs 
are TTL 
and 
CMOS 
compatible 
with 
the 
exception 
of 
the 
three-level 
input, 
HEX/CODE 
B/SHUTOOWN 
(Pin 9). 


All other data and address 
inputs have identical 
250ns 
setup 
and Ons hold times. 
The minimum 
write 
pulse 
width 
is 
200ns, 
allowing 
direct 
interface 
to 
most 
microprocessor 
buses. 
Figure 
9 
shows 
a typical 
ICM7218C/0 
bus 
interface. 
The 
8 
digits 
of 
the 
ICM7218C/0 
are addressed 
as 8 contiguous 
bytes of 
RAM. 


The 
interface 
to 
the 
ICM7218C 
and 
ICM72180 
is 
similar to that of a RAM. Select the digit to be updated 
with the address 
lines OAO-OA2, place the data to be 
written 
on 
100-103 
and 
107, then 
pulse 
the 
WRITE 
input 
low. 


Since the ICM7218C/0 
does not have a control 
regis- 


ter, Hexadecimal 
or Code 
B font 
selection 
and shut- 
down 
mode are directly 
controlled 
through 
the three- 


level input at Pin 9. The ICM7218C/0 
does not have a 
No Decode 
mode. 


_____ 
Applications Information 
Common Anode DI.play 
Interlace, 
ICM721BA and ICM721BC 


The common 
anode digit and segment driver output 
schematics 
are shown 
in 
Figures 
10 and 
11. The 
common 
anode 
digit 
driver 
output 
impedance 
is 
approximately 
4 ohms. This provides a nearly constant 
voltage to the display digits. The N-channel 
segment 
driver 
output 
impedance 
of 500 
limits the segment 
current 
to 
approximately 
30mA 
peak 
current 
per 
segment. Segment current limiting 
resistors are NOT 
required. 
Both 
the segment 
and digit 
outputs 
can 
directly 
drive the display. 


Each segment's 
current 
is not significantly 
affected 
by whether 
other 
segments 
are on or off. This 
is 
because the segment driver output impedance is much 
higher 
than that of the digit 
driver. This feature 
is 


important 
in bar graph applications, 
where each bar 
graph element should be the same brightness, 
inde- 
pendent of the number of elements turned on. 


Common Cathode DI.play 
Interlace, 
ICM721BB and ICM721BD 


The common cathode digit and segment driver output 
schematics 
are shown 
in Figures 12 and 13. The N- 
channel 
digit 
drivers 
have an output 
impedance 
of 
approximately 
150. The NPN segment 
drivers 
have 
an output 
impedance of approximately 
75 ohms. The 
common 
cathode 
display 
driver output 
currents 
are 
only 1/4 the common 
anode display 
driver currents. 
Therefore, 
the 
ICM7218A 
and 
ICM7218C 
common 
anode 
display 
drivers 
are recommended 
for those 


Figure 
9. ICM7218C/D 
pP Bus Interface 
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DATA LINES 
Selected 
102 
101 
100 
Digit 


0 
0 
0 
01 


0 
0 
1 
02 


0 
1 
0 
03 


0 
1 
1 
04 


1 
0 
0 
05 


1 
0 
1 
06 


1 
1 
0 
07 


1 
1 
1 
08 


applications 
where 
high 
brightness 
is desired. 
The 
ICM7218B and ICM72180 
common 
cathode 
display 
drivers are suitable for driving 
bubble-lensed 
mono- 
lithic 
7 segment 
displays. 
They can also drive indi- 
vidual 
LEO displays 
up to 
0.3" 
height 
when 
high 
brightness 
is not required. 


DI.play 
Multiplexing 


Each digit 
of the 
ICM7218 is on for approximately 
500JlS,with a multiplexing 
frequency 
of approximately 
250Hz. The interdigit 
blanking 
time 
is 10JlStypical, 


2IJs minimum. 
The Maxim ICM7218 turns off both the 
digit drivers and the segment drivers during the inter- 
digit blanking period. The digit multiplexing 
sequence 
is: 01, 07, 08, 06, 04, 03, 02, and 05. 
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DIGIT 


STROBE 


INTERDIGIT 
BLANKING 


CDMMDN 


ANDDE 
SEGMENT 
OUTPUT 


COMMON 
ANODE 
DIGIT 
DUTPUT 


SEGMENT 
!lATA 


DIGIT 
INTERDIGIT 
STRDBE 
COMMDN 
BLANKING 
CATHODE 


INTERDIGIT 
DIGIT 
CDMMDN 


BLANKING 
OUTPUT 
CATHODE 
SEGMENT 
OUTPUT 


"::" 


SHUTDOWN 
~ 


Figure 
12. Common 
Cathode 
Digit 
Driver 


Drilling Larger Displays 


If very high display brightness is desired, the ICM7218 
display 
driver 
outputs 
can 
be externally 
buffered. 


Figures 14 and 15 show how to drive either common 
anode 
or 
common 
cathode 
displays 
using 
the 
ICM7218B or ICM7218D. The Maxim ICM7218 has a 
guaranteed 
2J.1s 
interdigit 
blanking 
time. This elimi- 


nates the ghosting 
(faint 
display 
of the data from 
another digit) that would occur if the external buffer 
turnoff time were to overlap the beginning of the next 
digit period. 


Another 
method 
of doubling 
display 
currents 
is to 
connect two digit outputs together and load the same 


7-50 
--- 


data into both digits. This drives the display with the 
same peak current, 
but the average current 
doubles 


because each digit of the display 
is on for twice as 


long, Le. for 1/4 duty cycle rather than 1/8. 
Th•••• Lellellnput, ICII721BC and ICII721BD. 


As shown in Table 1, pin 9 controls 
three functions: 


Hexadecimal 
display 
decoding, 
Code B display 
de- 


coding, 
and shutdown 
mode. 
In many applications 


pin 9 will be permanently 
wired to one state. When 


pin 9 cannot be permanently 
left in one state, use the 


circuits 
illustrated 
in Figure 16 to drive this three level 


input. 


+5V 
I 
+5V 
I 


I 


I 


I 
lk 


I 


lOOn 
I 


I 


ICI\I7Z188/D 
S:~~pWI 


+5V 
III 300n 
lk 
1 


I 


I 


D~~G~~TI 


HIGH· HEX 


LOW • SHUTDOWN 


HIGH· SHUTDOWN 


LOW· CODE 8 


HIGH = SHUTDOWN 


LOW· HEX 


OPEN DRAIN OR 
OPEN COLLECTOR 
OUTPUT 
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loon 


SEGI\IENT 


IC1\I72188/D 
OUTPUT 


I 


+5V 
I 


I 
14n ,IOOmA PEAK! 
I 
1 


I 
w 
N 
N 


I 
DIGIT 
I14mA 
OUTPUT - 


2N8034 
I 
I 
~ 1.4 AMP PEAK 
II 
I 
"::" 
I 
"::" 


GND 
GND 


Power Supply Bypassing 


Connect 
a minimum 
of 471lF in parallel 
with 
O.1IlF 
between V+ and ground. 
These capacitors 
should 
be 
placed 
in close proximity 
to the ICM7218 to reduce 
the power supply 
ripple caused by the 200mA multi- 
plexed LED display drive current 
pulses. 
III 
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SEGC 


SEGE 


SEGB 


D.P. 


ID6IHEXA/CODE BI 


1051DECDDEI 


1071DATACDMINGI 


WRITE 


MDDE 


1041SHUTDOWNI 


101 


100 


IDI 


ID3 


GRDUND 


SEGA 


SEGG 


SEGD 


SEGf 


DIGIT 3 


DIGIT 6 


DIGIT 7 


DIGIT 4 
v· 


DIGITB 
DIGIT5 


DIGITI 


DIGIT I 


SEGC 


SEGE 


SEGB 
OP. 


GAOIDiGIT ADDRESSDI 
GAIIDIGIT ADDRESS11 


107 [INPUT [iil 


WRITE 


HEXA/CDDEB/SHUTDDWN 


GAllDIGIT ADDRESS11 


IDI 


100 
IDI 


ID3 


DIGIT4 


DIGIT6 


DIGIT3 


DIGIT I 


106IHEXA/CDDE BI 


ID51DECODEI 


107IGATACDMINGI 


WRITE 


MDDE 


ID41SHUTDDWNI 


IDI 


IDD 
IDI 


103 


DIGIT4 


DIGIT6 


DIGIT3 


DIGIT I 


GAO[DIGIT ADDRESS01 


DAIIDIGIT ADDRESS11 


ID7 IINPUT ili'i 


WRITE 


HEXA/CDDEB/SHUTDDWN 


GAllDIGIT ADDRESS11 


101 


IDD 


101 


103 


PART 
TEMP. RANGE 
PACKAGE 


ICM7218AI/D 
_200 
C 
to 
+850 
C 
Dice 


ICM7218AIQI 
-200 
C 
to 
+850 
C 
28 
Lead 
Quad 
Pack 


ICM7218BI/D 
-200 
C 
to 
+850 
C 
Dice 


ICM7218BIQI 
-200 
C 
to 
+850 
C 
28 
Lead 
Quad 
Pack 


ICM7218CI/D 
-200 C to 
+850 
C 
Dice 


ICM7218CIQI 
-20°C 
to 
+85°C 
28 
Lead 
Quad 
Pack 


ICM7218DI/D 
-200 
C 
to 
+850 
C 
Dice 


ICM7218DIQI 
-200 
C 
to 
+850 
C 
28 
Lead 
Quad 
Pack 
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Gener.' Description 


The 
Maxim 
ICM7224(LCD) 
and 
ICM7225(LED) 
are 
high 
speed 
4% digit 
counters. 
featuring 
segment 
decoders, 
leading zero blanking, 
store and reset inputs, 
and a carry output 
that allows cascading 
of 8 or more 
digits. The ICM7224 directly 
drives a non-multiplexed 
liquid crystal 
display(LCD). 
The ICM7225 has 29 con- 
stant 
current 
outputs 
for 
driving 
a non-multiplexed 
common 
anode LED display. 


These counters 
operate with inputs from DC to 25MHz 
while 
using 
only 
lOJ,LA of supply 
current. 
A Schmitt 
trigger 
on the count input ensures reliable operation 
in 
noisy 
environments 
and 
in applications 
with 
slowly 
varying 
inputs. 


The ICM7224 
and ICM7225 are available 
in a 44 lead 
plastic chip carrier package in addition 
to the standard 
40 lead plastic 
DIP. 


Unit Counter 
Frequency 
Counter 
Tachometer 
Hour Meter 
Totalizer 


v+ 
EI 
01 
Fl 
4 
·'8RT] 8P 
A2 
6 
82 
C2 
D2 
.•••••••.••• 
Jx •.••••••• 


E2 
ICM7224 
02 
(ICM7225) 


F2 
A3 
83 
C3 
D3 
E3 
03 
F3 
A4 


____________ 
Features 


• 
Improved 
2nd Sourcel 
(See 3rd page for "Maxim 
Advantage ,.n). 


• 
High Speed Up Counter: 
25MHz Typ. 


• 
Leading 
Zero Blanking 


• 
Can Be Cascaded 
for 8 or More Digits 


• 
STORE and RESET Inputs for Frequency 
Counter 
Applications 


• 
On-Board 
Oscillator 
to Provide Backplane 
Frequency 
(ICM7224) 


• 
Brightness 
Control 
Input (ICM7225) 


• 
Low Power CMOS 


PART 
TEMP. RANGE 
PACKAGE 


ICM72241PL 
-20' C to +85' C 
40 Lead Plastic DIP 


ICM7224CQ 
O'C to +70'C 
44 Lead Plastic Chip Carrier 


ICM7224C/D 
O'C to +70'C 
Dice 


ICM72251PL 
-20' C to +85' C 
40 Lead Plastic 01P 


ICM7225CQ 
O'C to +70'C 
44 Lead Plastic Chip Carrier 


ICM7225C/D 
O'G to +70'C 
Dice 


The "Maxim Advantage 
T 
"" 
signifies 
an upgraded 
quality 
level. At no additional 
cDst we offer a second·source 
device that is subject 
to the following: 
guaranteed 
performance 
over temperature 
along with tighter 
test specifications 
on many key parameters; 
and device enhancements, 
when needed, 
that result 
in improved performance 
without changing 
the functionality. 


-- 


Operating Temperature Range 
Plastic Package (IPL) 
-20°C to +85°C 


Plastic Chip Carrier (Ouad) Package (0) 
O°C to +70°C 


Storage Temperature Range 
-65°C to +160°C 


Lead Temperature (Soldering, 10 sec.) 
+300°C 


Supply Voltage 
.......................•................ 
6.5V 
Input Voltage (any terminal, Note 1) 
....•.... 
-0.3V to V+ +0.3V 
Power Dissipation 
40 Lead Plastic Dip 
, 
1W 
(derate 10mW/oC above 25°C.) 
44 Lead Plastic Chip Carrier 
1W 


(derate 10mW/oC above 25°C.) 


Note 1: 
The input voltage may exceed this rating if the input current is limited to 1mA. 
Connecting 
any terminal to a voltage greater than V+ or less than Ground and exceeding 1mA input current may activate the 


parasitic 
SCR inherent 
in the junction 
isolated CMOS process, causing destructive 
device latch up. For this reason, it is 
recommended that no inputs from sources operating on a different power suppiy be applied to the device before its supply is 
established, and that in multiple supply systems, the supply to the ICM7224/25 be turned on first. 


Stresses above those fisted under "Absolute Maximum 
Ratings" may cause permanent 
damage to the device. These are stress ratings only and functional 
operation 
of the device at these or any other conditions 
above those indicated in the operational 
sections of the specifications 
is not implied. Exposure to 


absolute maximum rating conditions for extended periods may affect device reliability. 


ELECTRICAL CHARACTERISTICS 
(All parameters measured with V+ = 5V,unless otherwise indicated) 


ICM7224 CHARACTERISTICS 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Operating current 
lop 
Test circuit, Display blank 
10 
50 
p.A 


Operating supply voltage range 
V+ 
3 
5 
6 
V 


OSQILLATOR input current 
losc, 
Pin 36 
±2 
±10 
p.A 


Segment rise/fall time 
trfs 
C'oad= 200pF 
0.5 
p's 
Backplane rise/fall time 
trfb 
C'oad= 5000pF 
1.5 


Oscillator frequency 
fose 
Pin 36 Floating 
19 
kHz 


Backplane frequency 
fbp 
Pin 36 Floating 
150 
Hz 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Operating current display off 
lopo 
Pin 5 (BRighTness) at GROUND 


.•10,;; 
50 
p.A 
Pin 29, 31-34 at V+ 


Operating suppiy voltage range 
V+ 
4 
5 
6 
V 


Operating current 
lop 
Pin 5 at V+, Display 18888 
:<I.~ 
200 
mA 


Segment leakage current 
ISLK 
Segment Off 
"'. 
±0.01 
±1 
p.A 


Segment on current 
ISEG 
Segment On, You'= +3V 
.-."&.' 
5 
8 
mA 
Half-digit on current 
IH 
Half-digit On, You' = +3V 
... 
10 
16 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Input Pull-up Currents 
Ip 
Pins 29, 31, 33, 34 
10 
p.A 
VOu!~V+ - 3V 


Input High Voltage 
VIH 
Pin 29, 31, 33, 34 
3 


Input Low Voltage 
V'L 
Pin 29, 31, 33, 
1 
V 
COUNT Input Threshold 
VCT 
2 


COUNT Input Hysteresis 
VCH 
0.5 


Output High 
CARRY Pin 28 
10H 
Leading Zero Blanking OUT Pin 30 
350 
500 
Current 
You!= v+ -3V 
p.A 


Output Low 
CARRY Pin 28 


Current 
10L 
Leading Zero Blanking OUT Pin 30 
350 
500 
Vout = +3V 


Count Frequency 
fcount 
4.5V < V+ < 6V 
0 
DC-25 
15 
MHz 


STORE, RESET Minimum 
ts, tR 
3 
Pulse Width 
p'S 


The electrical 
characteristics 
above 8r8 a reproduction 
of a portion of Intersil's copyrighted 
(1983/1984) 
data book.. This information 
does not constitute any 


representation 
by Maxim 
that Intersil's products 
will perform 
in accordance 
with these specifications. 
The "Electrical 
Characteristics 
Table" along with 


descriptive 
excerpts from the original manufacturer's 
data sheet have been included in this data sheet solely for comparative 
purposes. 
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• 
Key Parameters 
Guaranteed 
Over Temperature 


• 
Increased 
Segment-On 
Current 


• 
Low Power (l)'pically 
25J.tW) 


• 
Maxim Quality 
and Reliability 


ABSOLUTE MAXIMUM RATINGS: 
This device conforms 
to the Absolute Maximum Ratings on adjacent page. 


ELECTRICAL CHARACTERISTICS: 
Specifications 
below satisfy or exceed all "tested" parameters on adjacent page. 
lv+ = 5V, TA = 25° C unless otherwise 
noted) 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Operating 
current 
lop 
Display blank 
5 
25 
"A 
Operating 
supply Yoltage range 
V+ 
-20·C S TAS +85· C 
3 
5 
6 
V 


OSCILLATOR 
input current 
iosci 
Pin 36 
±2 
±10 
p.A 


Segment rise/fall 
time 
trf5 
C'oad = 200pF 
0.5 
p'S 


Backplane 
rise/fall 
time 
trfb 
C'oad = 5000pF 
1.5 


Oscillator 
frequency 
fosc 
Pin 36 Floating 
19 
kHz 


Backplane 
frequency 
fbp 
Pin 36 Floating 
150 
Hz 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Operating 
current 
display off 
lopo 
Pin 5 (BRighTness) 
at GROUND 
10 
25 
"A 
Pin 29, 31-34 at V+ 


Operating 
supply voltage range 
y+ 
-20· C S TAS +85·C 
4 
5 
6 
V 


Operating 
current 
lop 
Pin 5 at V+, Display 18888 
275 
mA 


Segment leakage current 
ISLK 
Segment Off 
±0.01 
±1 
p.A 


Segment on current 
ISEG 
Segment On, You. = +3V 
6 
9 
mA 
Hail-digit 
on current 
IH 
Hail-digit 
On, You' = +3V 
12 
18 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Input Pull-up 
Currents 
Ip 
Pins 29, 31, 33, 34 
2 
10 
25 
"A 
Vou' = V+ - 3V 


Input High Voltage 
V'H 
Pin 29, 31, 33, 34, -20· CST 
AS +85· C 
3 


Input Low Voltage 
V'L 
Pin 29, 31, 33, 34, -20· CST 
AS +85· C 
1 
V 
COUNT 
Input Threshold 
VCT 
1.5 
2 
3.25 


COUNT 
Input Hysteresis 
VCH 
0.1 
0.5 
1.75 


Output 
High 
CARRY Pin 28 
iOH 
Leading Zero Blanking 
OUT Pin 30 
350 
500 
Current 
VOUl= V+ -3V 


CARRY Pin 28 


p.A 


Output 
Low 
Current 
10L 
Leading Zero Blanking 
OUT Pin 30 
350 
500 
Vout = +3V 


III 
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PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Propagation 
Delay Clock 
tpdO,tpdl 
0.6 
/'S 
to Carry 


Maximum 
Clock Frequency 
fCLK 
0 
DC-25 
15 
MHz 


Minimum 
Clock Pulse Width 
tCLK,PW 
25 
ns 


Clock Input Rise or Fall Time 
t,. It 
No Limit 


Reset Pulse Width 
tWA 
125 
ns 


Store Pulse Width 
tws 
1 
/'s 


Clock to Store Set-Up Time 
tSUICK.S) 
0.4 
P.s 


Store to Reset Wait Time 
tSA 
1.3 
P.s 


Inhibit 
to Clock Set-Up Time 
tSUICI.CK) 
0 
ns 


Reset Removal 
tAA 
20 
ns 


Input Capacitance 
C,N 
Logic Inputs (Note 1) 
5 
pF 


COUNTv· 


ClOCK 
ov 


v· 


STORE 
ov 


v· 
RESET 


ov 


v· 


ffiiiY 
ov 


v· 
~ 
INHIBIT 
ov 


ICM 7224 OPERATING 
SUPPLY CURRENT VS. 


SUPPLY VOLTAGE 
12 
DISPLAY 
BLANK 


10 
PIN36 OPEN 


~ 
6 
fa= 85"C 
J 


ICM 7224 BACKPLANE 
FREQUENCY 
VS. 
SUPPLY VOLTAGE 
180 "~"A" 


150 


120 


/~~ 
g 
90 
~ 
CDse 
= 22pF 


60 
,- 


30 
---- 
..- 
Co",=2~F 


0 
1 
4 


v+ IVI 


ICM 7225 LED SEGMENT 
CURRENT VS. OUTPUT 
VOLTAGE 
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PIN 
FUNCTION 
DESCRIPTION 


1 
V+ 
Positive power supply input. 


2-4, 
Segment 
These 28 pins directly drive LCD segments (ICM7224) or common anode LED segments (ICM7225). 
6-26, 
Outputs 
Segments A1-G1 drive the least significant 
digit, segments A4-G4 drive the 1000s digit. 
37-40 


27 
'h Digit 
This segment output drives both segments of the most significant 
half digit. This segment output 
turns on when the count reaches 10,000 and is reset only by a low level on the Reset input. 


5 
The backplane pin is both an input and an output. As an output it drives the LCD backplane with an 


(ICM7224) 
BP 
internally generated backplane signal. The backplane pin is an input when the slave mode is selected 
by grounding 
pin 36 (Oscillator). 


An analog input voltage applied to the brightness (BRT) pin controls the output current of the LED 


5 
BRT 
segment drivers. Connecting this pin to ground shuts off the display. Connecting 
this pin to V+ 


(ICM7225) 
drives the display with the maximum available output current. Intermediate voltage levels will adjust 
the brightness to any level between full off and full brightness. 


CARRY 
Connect this logic output to the Count input of another ICM7224/5 to make an 8 digit 


28 
counter/display 
driver. The Carry output goes high at count 6000 and goes low on the transition 
between count 9999 and count 10,000. The Carry output repeats this cycle every 10,000 counts. 


The ICM7224 displays leading zeroes when this pin is grounded. Connecting this pin to V+ or leaving 


29 
LZBIN 
it floating enables leading zero blanking. The entire display will be blanked if this pin is high or 
floating, the count is 0000, and the half digit is reset. This pin has an internal lOIlA pullup. 


30 
LZB OUT 
This output allows the proper blanking of cascaded counters. The Leading Zero Blanking (LZB) 
output goes high when all digits are blanked. 


31 
COUNT INHIBIT 
A low level on this input pin disables the counter. Connecting this pin to V+ or floating this pin 
enables the counter. This pin has an internal lOllA pullup. 


32 
COUNT 
Every negative-going 
transition at the Count input clocks the counter. This input has 500 mV of 
hysteresis to prevent multiple clocking with slow rate-of-fall 
inputs. 


A low level on Reset will reset the counter. Reset also clears the half-digit 
flip-flop 
and turns off the 


33 
RESET 
half-digit 
output. This input has an internal lOllA pullup and is inactive when either connected to V+ 


or left floating. 


STORE 
When the Store input is low, the latches are transparent and the counter contents are displayed. 
34 
When Store is taken high or floated, the counter contents are latched and this latched data is 
displayed. 


35 
GND 
The negative power supply input. 


36 
GND 
An additional ground pin for the ICM7225. The ICM7225 has two ground pins to handle the high LED 


(ICM7225) 
drive 
currents. 


When this pin is left floating, the ICM7224 oscillates at approximately 19kHz. Connecting an external 


36 
capacitor between this pin and either V+ or GND lowers the oscillator frequency as shown in the 


(ICM7224) 
Oscillator 
Typical Characteristics graphs. The Oscillator can be externally driven using the circuit of Figure 4. 
Grounding this pin puts the ICM7224 into the slave mode, turning pin 5, BP, into an input. 


Manufacturer 
PART# 
HEIGHT 
# DIGITS 


Epson 
LD-H7924 
0.350" 
4'h 
(213)534-0360 
LD-H7916 
0.500" 
4 


LD-K7994 
0.700" 
4 


LXD 
44D3F-85 
0.800" 
4'h 


(216)292-3300 
44D3F-45 
0.400" 
4'h 


Hamlin 
3909 
0.400" 
4'h 
(414)648-2361 
3912 
0.800" 
4'h 


AND 
FE0202W-DU 0.500" 
4 


(415)347-9916 
FE0206W-DU 0.400" 
4'h 


Manufacturer 
PART# 
HEIGHT 
COLOR 


Hewlett Packard 
5082-7731 
0.3" 
Red 


(Contact local 
5082-7611 
0.3" 
Red (Hi Elf.) 


sales office) 
5082-7621 
0.3" 
Yellow 
5082-7631 
0.3" 
Green 
General 
Inst. 
MAN 71A 
0.3" 
Red 


(415)493-0400 
MAN3910A 
0.3" 
Red (Hi Eff.) 


MAN3810A 
0.3" 
Yellow 
MAN 3410A 
0.3" 
Green 


Siemens 
Opto 
HD1075R 
0.3" 
Red 
(408)257-7910 
HD10750 
03" 
Red (Hi Elf.) 


HD1075Y 
0.3" 
Yellow 
HD1075G 
03" 
Green 


______ 
Detailed 
Description 


The ICM7224 and ICM7225 have identical 
counter 
and 
control 
sections, 
but 
have 
different 
display 
driver 
sections. 
The 
ICM7224 
is designed 
to drive 
a non- 
multiplexed 
liquid crystal display 
(LCD). The ICM7225 
is designed 
to drive a non-multiplexed, 
common 
anode 
LED display. 


Counter and Control Logic 


The counter 
in both the ICM7224 and ICM7225 
is a 4 
decade 
up counter 
with a Carry 
output. 
An overflow 
flip-flop, 
which 
is clocked 
by Carry, controls 
the half- 
digit 
output. 
This half-digit 
output 
can be used as an 
overflow 
indicator 
or as a half-digit 
to extend the count 
range to 19,999. Once set by Carry, the overflow 
flip- 
flop will remain set until the counter 
is reset by taking 
the Reset pin low. 


The counter 
advances 
with each negative 
going tran- 
sition 
on the Count 
input, 
provided 
the Count 
Inhibit 
and Reset inputs are high. 


The Count 
Inhibit input disables the counter 
when it is 
low. The Count 
Inhibit 
input is similar to the J-K inputs 
of a J-K flip-flop; 
transitions 
on Count 
Inhibit 
do not 
increment 
the counter. 


Reset is an active low input that resets the 4 digit counter 
and the overflow 
('h digit) flip-flop. 
Reset does not clear 
the data in the display 
latches unless Store is low. 


Store controls 
the flow of data into the display latches. 
When Store is low the latches are transparent 
and the 
counter 
data is displayed. 
When Store goes high the 
display latches go into the hold mode and the displayed 
count 
no longer follows 
the counter. 


+310 +6V 


1 
v· 


32 COUif 


31 COUifiiiiiiBif 


lZBIN 
..MAXI"..., 
'II DIGIT 


ICM7224 
A4-G4 
2tJ.26 


A3-G3 
13-19 


6-12 
A2-G2 


AI-GI 
37--40.2·4 


30 
LZB OUT 


28 
CARRY 


The LZB IN pin determines 
whether 
leading zeroes are 


blanked. 
Leading zeroes are displayed 
when LZB IN is 
low. Leading 
zeroes are blanked 
when LZB IN is high 
or floating. 
The LZB OUT allows 
proper 
leading 
zero 
blanking 
when 
cascading 
two 
ICM7224/ICM7225 
devices 
to 
make 
an 
8 digit 
counter/display 
driver 
(Figure 3). LZB OUT will go high only when LZB IN is 
high 
or floating, 
the count 
is 0000, and the overflow 
flip-flop 
is reset. 


When 
the 
ICM7224/25 
is used 
in electrically 
noisy 
environments 
(around 
solenoids, 
motor starters, etc.), 


do NOT rely upon the internal 
10/-LA pullups 
on Reset, 


Count Inhibit, LZB IN and Store inputs. Stray pickup of 
transients 
may momentarily 
override 
the weak, 
lO/-LA 
pull up. Connect 
these pins directly 
to V·, drive them 
with a logic gate, or parallel 
the internal 
pullup 
with a 
4.7kO resistor to y+ 


ICM7224 
LCD Driver Sect/on 


The LCD driver section 
of the ICM7224 is similarto 
the 
Maxim 
ICM7211 4 digit 
display 
driver. 
It includes 
an 
internal 
19kHz oscillator 
with a backplane 
driver, and 29 
segment 
drivers. 


The 19kHz nominal 
output 
of the onboard 
oscillator 
is 
divided 
by 128 in the 7 stage divider chain to generate a 
150Hz backplane 
frequency. 
The 
Backplane 
output, 


pin 5, is a low impedance 
(2000 
typical) 
output 
that 
swings from ground 
to Y· at the backplane 
frequency 
with 
a 50% duty 
cycle. 
The 29 segment 
drivers 
also 
swing from ground to Y· and have an output impedance 
of approximately 
2kO. The 
ICM7224 
drives 
an LCD 
segment 
in phase 
with 
the 
backplane 
to 
turn 
the 


32 COUif 


CDUN~i~~.2.. 
31 
COUNTINHIBIT 


UPDATE-=- 
34 
S""""ORE 
DISPLAY.2.. 
., u"' 


SHOW -=- 
2B 


l~::~:~¥ 
LZBIN 
.MAXI.M 
'hOIGIT 


RESET¥ 
33 
lirnf 
ICM7225 
A4-G4 
2tJ.26 


38 
OSC 
A3-G3 
13-19 
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I llllllllllllllli 
Illllllllllllllll 


1 
28 


27 
'n DIGIT 
HGA 
8P 
5 


OSC 
36 


LZ81N 
29 


""",,;orXI.,NI lZB OUT 30 


ICM7224 
STlIRE 
34 


COUNT INHI81T 
31 
_32 
COUNT 


CARRY 
28 


RESET 
33 
V· 
GND 


~35 


COUNT 
SIGNAL 
INPUT 


segment 
off, and drives the LCD segment 
180 
0 out of 


phase with the backplane 
to turn the segment 
on. 


The 
internal 
oscillator 
has 
a nominal 
oscillation 


frequency 
of 19kHz with no external components. 
This 


frequency 
can be lowered 
by connecting 
a capacitor 


from 
pin 36 (Oscillator) 
to either 
ground 
or Y+. See 


Typical 
Characteristics 
graph, 
Backplane 
Frequency 


vs. Supply Yoltage. The oscillator 
can also be overdriven 


by an external 
source 
as shown 
in Figure 4. The two 


resistors 
connected 
from the driver to pin 36 keep the 


voltage 
at pin 36 (Oscillator) 
above the 1.5Y threshold 


of the backplane 
slaving 
detector 
which 
is internally 


connected 
to pin 36. 


When 
two or more 
ICM7224 
counter/display 
drivers 


drive one LCD with a single backplane, 
the backplane 


outputs 
of the ICM7224 
counter/display 
drivers 
must 


36 ose 


.Ai"lAXI.Ao1 


ICM7224 


be synchronized. 
This is performed 
by grounding 
the 


Oscillator 
(pin 36) on all but one device; and connecting 


together 
the Backplanes 
(pin 5) of all devices. The one 


device with the Oscillator 
input not grounded 
will drive 


both its own Backplane 
pin and the Backplane 
pins of 


the other devices. The devices with the Oscillator 
input 


grounded 
disable their backplane 
drivers and use the 


Backplane 
pin as an input. See Figure 3. 


ICM7225 
LED Display Interface 


The ICM7225 
has 29 open drain 
N channel 
segment 


drivers. 
These 
drivers 
are 
constant 
current 
sinks, 


whose sink current 
varies from 0 to 9mA as the voltage 


on BRT (pin 5) varies from ground 
to y+ (0 to 18mA for 


pin 27, the 'h digit 
output). 
segment 
current 
limiting 


resistors are not needed. 
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_______ 
General Description 


The 
MM74C945 
and 
MM74C947 
are 
synchronous 


4 digit 
up/down 
counters 
with 
latches, 
7-segment 


decoders, 
and all segment 
and backplane 
driver, and 


oscillator 
circuitry 
necessary 
to directly 
drive 
LCD 


displays. 


Maxim's MM74C945 has a select input which allows the 
counter 
contents 
or the latch contents 
to be displayed, 
and a blanking 
input 
which 
allows 
the display 
to be 


blanked. 


The MM74C947 
only displays 
the latch contents, 
but 


provides 
leading 
zero 
blanking. 
The 
leading 
zero 


blanking 
input allows the user to force leading zeros to 


be displayed, 
and the leading zero output 
allows cas- 
caded counters 
to blank leading zeroes properly. 


Both devices provide 
28 segment 
outputs 
and a back- 


plane input/output. 
When the oscillator 
pin is open, the 


device 
generates 
its own 
display 
waveform 
timing. 


When the oscillator 
pin is grounded, 
the backplane 
pin 


becomes 
an input. 


The MM74C945 
and MM74C947 
are available 
in a 44 


lead 
plastic 
chip 
carrier 
package 
in addition 
to the 


standard 
40 lead plastic 
DIP. 


__________ 
Applications 


Hour Meter 
Totalizer 


Unit Counter 
Frequency 
Counter 


Tachometer 


8B88 


RESET 
N1AXINI 


MM74C947 


ENABLE 


___________ 
Features 


• 
4 Decade Synchronous Up/Down 
Counter 


• 
All Circuitry for Segments and Backplane of 
4-Dlglt LCD 


• 
Carry/Borrow 
Output Allows Ripple or 


Synchronous Cascading 


• 
Schmitt Trigger Count Input 


• 
Store and Reset Inputs Allow Operation as 
Frequency or Period Counter 


• 
MM74C945 Provides Input to Select Display of 
Counter or Latch 


• 
MM74C947 Provides Leading Zero Blanking Input 
and Output. Least Significant Digit May be Blanked. 
_______ 
Ordering Information 


PART 
TEMP. RANGE 
PACKAGE 


MM74C945N 
-40°C to +85°C 
40 Lead Plastic DIP 


MM74C945COH 
O°C to +70°C 
44 Lead Plastic Chip Carrier 


MM74C945C/D 
O°C to +70°C 
Dice 


MM74C947N 
-40°C to +85°C 
40 Lead Plastic DIP 


MM74C947COH 
O°C to +70°C 
44 Lead Plastic Chip Carrier 


MM74C947C/D 
O°C to +70°C 
Dice 


Top View 


Vee 
El 
61 
Fl 
4 
8P 
A2 
6 
82 
C2 
02 
E2 
62 
F2 
A3 
83 
C3 
03 
E3 
63 
F3 
A4 


NIAXIAfI 


MM74C945 
MM74C947 


PIN 
MM74C945 
MM74C947 
• 


FUNCTION 
FUNCTION 


29 
Select 
LZ81n 


30 
Blanking 
LZB 
Out - 


Supply Voltage 
........................•............... 
6.5V 
Input Voltage 
..........................•... 
-0.3V to V+ +0.3V 
Power Dissipation 
40 Lead Plastic Dip. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 
0.5W 
44 Lead Plastic Chip Carrier 
0.5W 


Operating 
Vcc Range 
...........•............... 
3.0V to 6.0V 
Operating Temperature Range 
-40"C to +85"C 
Storage Temperature Range 
-65"C to +160"C 
Lead Temperature (Soldering, 
10 sec.) 
+300°C 


Stresses above those listed under ''Absolute Maximum 
Ratings" may cause permanent 
damage to the device. These are stress ratings only and functional 
operation 
of the device at these or any other conditions 
above those indicated in the operational 
sections of the specifications 
is not implied. Exposure to 


absolute maximum rating conditions for extended periods may affect device reliability. 


ELECTRICAL CHARACTERISTICS 
MinImax 
limits apply across temperature 
range, 
unless otherwise noted. 


PARAMETER 
CONDITIONS 
MIN 
TYP 
I 
MAX 
I 
UNITS 


CMOS TO CMOS 


VT• Positive Going Threshold 
Vcc' 
5V, V,N(0 - 
5) V 
2.5 
2.9 
3.25 
V 
Voltage (Clock Only) 


VT_Negative Going Threshold 
Vcc' 
5V, V,N(5 - 
0) V 
1.5 
2.2 
2.4 
V 
Voltage (Clock Only) 


Hysteresis (VT• - VTJ 
Vcc' 
5V 
0.1 
0.7 
1.75 
V 
(Clock Only) 


Logical "1" Input Voltage (V,N (1)) 
Vcc' 
5V 
3.5 
V 


Logical "0" Input Voltage (V,N (0)) 
Vcc' 
5V 
1.5 
V 


Logical "1" Output Voltage 
Vcc' 
5V, 10' -10 p.A 
4.5 
V 
(VOUT(1))(LZO and Carry) 


Logical "0" Output Voltage 
Vcc' 
5V, 10' 
+10 p.A 
0.5 
V 
(VOUT(O))(LZO and Carry) 


Clock Input Current II'N1 
Vcc ' 5V, V,N' 
5V10V 
0.005 
1.0 
p.A 


Input Current @ Pins 27, 29, 31, 33, 
Vcc ' 5V, V'N' 
OV 
±1.0 
p.A 
and 34 (Note 1) 
V,N' 
5V 
±1.0 
p.A 


Oscillator 
Input Current 
(Iosel 
Vcc ' 5V, V'N ' OV/5V 
±5 
±15.0 
p.A 


Supply Current 
(Icc)(Note 
2) 
Vcc ' 5V, V'N ' OVl5V 
10 
60 
p.A 


Oscillator 
Input Voltage 
When Driving Oscillator 


V'H 10SCI 
Pin with External Signal 
Vcc -0.2 
V 
V,L(OSC) 
0.2 Vcc 
V 


DC Offset Voltage (Note 3) 
Vcc' 
5V 
25 
mV 


CMOS/LPTTL 
INTERFACE 


Logical "1" Input Voltage (V'N ")) 
Vcc' 
4.75V 
Vcc-1.5V 
V 


Logicai "0" Input Voltage (V'N (0)) 
Vcc' 
4.75V 
0.8 
V 


Logical "1" Output Voltage 
Vcc' 
4.75V, 10' -360 p.A 
2.4 
V 
(VOUTI,))(LZO and Carry) 


Logical "0" Output Voltage 
Vcc' 
4.75V, 10' +360 p.A 
0.4 
V 
(VOUT(O))(LZO and Carry) 


OUTPUT DRIVE (SHORT CIRCUIT CURRENT) 


Output Source Current 
Vcc' 
5V, VOUT' OV 
1.75 
2.7 
mA 
(IS0URCE)(LZOand Carry) 
TA'25°C 


Output Sink Current 
Vcc' 
5V, VOUT' 5V 
1.75 
3.2 
mA 
(IsINK)(LZO and Carry) 
TA'25°C 


Output Source Current 
Vcc' 
5V, VOUT' OV 
1.4 
2.0 
mA 
(IsouRCE)(Segment Outputs) 
TA'25"C 


Output Sink Current 
Vcc' 
5V, VOUT' 5V 
1.4 
2.2 
mA 
(IslNK)(Segment Output) 
TA'25°C 


Output Source Current 
Vcc' 
5V, VOUT' OV 
12.6 
15.0 
mA 
(IsouRCE)(Backplane Output) 
TA' 
25°C 


Output Sink Current 
Vcc' 
5V, VOUT' 5V 
12.6 
20.0 
mA 
(IslNK)(Backplane 
Output) 
TA'25"C 


Note 1: 
Note 2: 
Note 3: 


Does not apply to backplane and oscillator 
pins. Does apply to pin 30 on MM74C945. 
Display blanked. See Test Circuit. 
DC offset voltage is the effective DC voltage the LCD will have between any segment and the backplane. 


4 Digit Up/Down Counter/Decoder/Driver 


AC ELECTRICAL 
CHARACTERISTICS 
1j = 25° C, Cl = 50 pF, unless otherwise 
specified. 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Propagation 
Delay Clock to Carry 
tpdO 
I tpd1 
Vcc= 5.0V (Note 2) 
600 
800 
ns 


Maximum Clock Frequency 
fClK 
Vcc= 5.0V 
2 
3 
MHz 


Clock Input Rise/Fall Time 
t"t, 
Vcc= 5.0V 
No Limit 


Reset Pulse Width 
tWR 
Vcc= 5.0V 
180 
50 
ns 


Store Pulse Width 
tws 
Vcc= 5.0V 
150 
50 
ns 


Clock to Store Set-Up Time 
tsUICK.sl 
Vcc= 5.0V 
500 
120 
ns 


Store to Reset Wait Time 
tsR 
Vcc= 5.0V 
280 
170 
ns 


Enable to Clock Set-Up Time 
tsuIE.CKI 
VCC=5.0V (Note 3) 
600 
400 
ns 


Reset Removal 
tRR 
Vcc= 5.0V 
50 
0 
ns 


Up/Down 
to Clock Set-Up Time 
tsulU/D,CKI 
VCC=5.0V (Note 4) 
600 
400 
ns 


Backplane 
Output Frequency 
fBP 
Pin 36 Floating, 
85 
Hz 
VCC=5.0V 


Input Capacitance 
C1N 
Logic Inputs (Note 1) 
5 
pF 


Segment Rise/Fall Time 
tris 
~O.d= 200 pF 
0.5 
"S 
Backplane Rise/Fall Time 
trib 
~O.d= 5000 pF 
1.5 
"S 


Oscillator 
Frequency 
fosc 
Pin 36 Floating, 
11 
kHz 
VCC=5.0V 


Propagation 
Delay Enable to Carry 
tpd(E, C) 
Vcc = 5.0V 
450 
ns 


Note 1: 
Does not apply to backplane and oscillator 
pins. Does apply to pin 30 on MM74C945. 


Note 2: 
National's 
MM74C945/947 
is specified at600ns 
maximum. 


Note 3: 
National's 
MM74C945/947 
is specified at 140ns minimum. 


Note 4: 
National's 
MM74C945/947 
is specified at300ns 
maximum. 


AC Wavefo,ms 


Vee 


CLOCK 


OV 


Vcc 


STORE 


OV 


Vcc 


RESET 


OV 


Vcc 


CARRY 


OV 


Vcc 


ENABU 


OV 


Vcc 


UPIOOWN 


OV 
•• 


4 Digit Up/Down 
Counter/Decoder/Driver 


TABLE 1. PIN DESCRIPTIONS 
(Pin numbers correspond 
to 40 lead DIP package) 


PIN 
FUNCTION 
DESCRIPTION 


1 
Vcc 
Positive power supply 


2-4 
Segment 
These 28 pins directly drive LCD display segments. Segments A1-G1 drive the least significant 
digit, 
6-26 
37-40 
Outputs 
segments A4-G4 drive the 1000s digit. 


The backplane pin is both an input and an output. As an output it drives the LCD backplane with an 
5 
BACKPLANE 
internally 
generated backplane signal. The backplane pin is an input when the slave mode is selected 
by grounding 
pin 36, Oscillator. 


27 
UP/DOWN 
This input controls the direction 
of counting. 
When high, counter counts up, when low, down. 


The CARRY output goes high when the ENABLE input is high and the counter is at 9999 counting 
up 
28 
CARRY 
or atסס oo counting 
down. When the ENABLE input is low CARRY is low. This output may be used to 
ripple or synchronously 
cascade counters. 


29 
SELECT 
When high, counter contents displayed. When low, latch contents displayed. 
MM74C945 only. 


30 
BLANKING 
When high, entire display is blanked. MM74C945 only. 


The MM74C947 displays leading zeroes when this pin is grounded. 
Connecting 
this pin to Vcc 


29 
LZBIN 
enables leading zero blanking. The entire display will be blanked if this pin is high, the counter is at 
סס OO, and the oscillator 
pin is grounded. 
If the oscillator 
pin is floating, the least significant 
digit 
A1-G1 will not blank. MM74C947 only. 


30 
LZB OUT 
This output allows the proper blanking of cascaded counters. The LZB OUT goes high when all 
digits are blanked. MM74C947 only. 


31 
ENABLE 
When this input is low, the counter is inhibited and the CARRY output will be low. When this input is 
high, the counter is enabled. 


32 
CLOCK 
Every negative-going 
transition 
at the CLOCK input clocks the counter. This input has a Schmitt 
trigger to prevent multiple clocking 
with slow rate-of-fall 
inputs. 


33 
RESET 
A low level at this input will reset the counter to 0000. This input is inactive when high. 


34 
STORE 
When the STORE input is low, the latches are transparent 
and the counter contents are displayed. 


When this input is high, the data is latched. 


35 
GROUND 
The negative power supply input. 


When this pin is left floating, the chip oscillator 
will free-run at approximately 
11kHz. Connecting 
an 
external capacitor 
between this pin and either power supply will lower the oscillator 
frequency 
as 


36 
OSCILLATOR 
shown in the Typical Characteristics 
graphs. The oscillator 
may be overdriven 
but care must be taken 


to avoid swinging too close to ground. Grounding 
this pin puts the chip into the backplane 
slave 
mode making pin 5, BACKPLANE, 
into an input, and on the MM74C947 allowing the least significant 


digit to leading zero blank. 


Carry Out Timing (Up Mode) 
~I I H 
I 
I 
- 
I 
8999 
I 
8999 
I 
~ 
I 
Carry Out Timing 
(Down Mode) 


~I IH 
I 
11DI21lDJ11~1_1 


MANUFACTURER 
PART NUMBER 
DIGIT 
NUMBER 
HEIGHT 
OF DIGITS 


Epson 
LD-H7924 
0.350" 
4'h 


(213) 534-0360 
LD-H7916 
0.500" 
4 
LD-K7994 
0.700" 
4 


LXD 
44D3F-85 
0.800" 
4'h 


(216) 292-3300 
44D3F-45 
0.400" 
4'h 


Hamlin 
3909 
0.400" 
4'h 


(414) 648-2361 
3912 
0.800" 
4'h 


AND 
FE0202W-DU 
0.500" 
4 
(415) 347-9916 
FE0206W-DU 
0.400" 
4'h 


4 Digit Up/Down 
Counter/Decoder/Driver 
_____ 
Appl/CIJt/ons/nformat/on 


DIsplay Drille CIrcuitry Description 


The 
MM74C945 
and 
MM74C947 
have 
28 segment 
outputs 
and a backplane 
input-output 
which 
directly 
drive a 4-digit 
seven-segment 
LCD display. 
The seg- 
ment and backplane 
drivers 
are designed 
to provide 
matched 
rise and fall times which 
eliminates 
any DC 


component 
of the display 
signals 
maximizing 
display 


life. 


The backplane 
driver may be disabled 
by connecting 


the oscillator 
pin to ground. 
In this mode, the back- 


plane pin becomes an input, and the display waveforms 
will be synchronized 
with the signal applied to the pin. 


Several chips may be ganged 
in this manner, allowing 
the use of single-backplane 
displays 
with four, eight, 
twelve, etc. digits where one four-digit 
counter 
drives 


the backplane 
and the rest are slaved to it. 


On the 
MM74C947, 
which 
implements 
leading 
zero 
blanking, 
the oscillator 
pin also controls 
the blanking 
of 
the 
least significant 
digit; 
when 
the oscillator 
pin is 
open (backplane 
master) the least significant 
digit will 
not blank, and when the oscillator 
pin is grounded, 
the 
entire display 
will blank when the latch contents 
of all 
four 
digits 
are zero and the 
Leading 
Zero 
Blanking 
input 
is high. 
In order to cascade 
counters 
and have 
leading 
zero blanking 
operate 
correctly, 
the least-sig- 
nificant 
counter 
should 
be the backplane 
master, with 
the other counters 
as slaves. 


An on-board 
oscillator 
and divider 
chain generate the 
backplane 
and segment timing. The oscillator 
typically 
runs at 11kHz resulting 
in a backplane 
frequency 
of 
85Hz. The oscillator 
may be slowed 
by connecting 
a 
capacitor 
between 
the oscillator 
pin and either power 
supply, 
or the oscillator 
pin may be overdriven 
by an 
external signal. When overdriving 
the oscillator, 
ensure 
that the input waveform 
does not swing close to ground 
to avoid putting 
the device into backplane 
slave mode. 


See VIH(osc) 
and VIL(osc) 
specifications. 


5V 
• 
+IW 
~~ ----------, 
"} 


081: 38 
v- 
35 


STORE 34 


RESET 
33 
2 
CLOCK 
3 


ENABLE 
31 


lZ OUT: 


C~~~ 
2B 
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• 
I 
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• Each segment to backplane with 200pF capacitor. 


Figure 2. Test Circuit 
Figure 5. Segment Assignment and Display Font 
,,~I~JXI,,~I 
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MM74C945 


MM74C947 


Counter CIrcuItry Description 


The 
MM74C945n 
are synchronous 
four-decade 
up/ 


down 
counters. 
A high level on the UP/DOWN 
input 
causes the counter 
to count up, while a low level at this 


input causes the counter 
to count 
down. The counter 
indexes 
on the 
negative-going 
edge 
of the CLOCK 
input. 
The CARRY output 
will 
be high for one clock 
period when the counter 
is at 9999 in up mode or 0000 
in down 
mode. 
On the 
Maxim 
devices, 
the CARRY 
output 
will not go high if the ENABLE 
input is low. This 
ensures 
that synchronous 
cascading 
does not allow 
the 
higher-order 
digits 
to count 
incorrectly 
as can 
occur with the original 
manufacturer's 
device when the 
low-order 
counter 
ENABLE 
input 
is 
low 
and 
the 
counter 
is at 9999 up or 0000 down. 
As shown 
in the 
applications 
figures, the CARRY output allows synchro- 


nous or ripple cascading. 


The RESET and ENABLE 
inputs are provided 
to allow 
these counters 
to perform 
frequency 
and period mea- 


surements. 
The counter 
is forced to 0000 when RESET 
is taken 
low, and the counter 
(inclUding 
the CARRY 
output) 
is disabled 
when the ENABLE 
input 
is taken 
low. 


The 
counter 
outputs 
are 
latched. 
The 
latches 
are 
transparent 
and 
the 
display 
will 
follow 
the 
counter 
when the STORE 
input 
is low. The latches 
store the 
counter 
outputs 
when the STORE input is taken high. 


On 
the 
MM74C945 
the 
SELECT 
input 
allows 
the 
counter 
or latch to be selected 
for display. 
When the 
SELECT 
input 
is high, the counter 
contents 
are dis- 
played, and when low, the latch contents 
are displayed. 


The 
BLANKING 
input 
on the MM74C945 
blanks 
the 
entire display 
when taken high. The MM74C945 
does 
not implement 
leading zero blanking. 


On 
the 
MM74C947 
the 
latch 
contents 
are 
always 
displayed, 
but 
the 
decoders 
include 
leading 
zero 
blanking 
circuitry 
and 
two 
pins 
to allow 
cascaded 
counters 
to leading zero blank properly. When the LZB 
IN pin is low, leading zero blanking 
is inhibited. 
When 
the LZB IN is high, the device will blank leading zeros 
except for the least-significant 
digit when the oscillator 
pin is open (backplane 
master). When the oscillator 
pin 
is grounded 
(backplane 
slave) the device will blank all 
digits 
when 
inסס OO, and the LZB OUT will go high . •• 
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PIN# 
MM74C945 
MM74C947 
FUNCTION 
FUNCTION 


32 
Select 
LZBIN 


33 
Blanking 
LZB OUT 


26 
F, 


25 
G, 


24 
E, 


23 
0, 


22 
C, 


21 
B, 


20 
A, 


19 
F. 


1B 
G. 
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E. 


16 
D. 


PIN# 
MM74C945 
MM74C947 
FUNCTION 
FUNCTION 


29 
Select 
LZBIN 


30 
Blanking 
LZB OUT 
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ICM7240 
ICM7242 
ICM7250 
ICM7260 
ICM7555 
ICM7556 


Programmable 
RC Timer/Counter................................................. 
8·1 


Fixed RC Timer/Counter 
8-1 


Programmable 
RC Timer/Counter 
8-1 


Programmable 
RC Timer/Counter 
8-1 


Low Power, General Purpose Timer 
8-9 


Low Power, General Purpose Dual Timer 
8-9 


Counters and Timers 


Part 
Description 
Maximum 
Output 
Speed 
Supply 
Supply 
Features 
Page 


Number 
Count 
(MHzmax) 
Voltage 
Current 
No. 


ICM7217 
4 Digit Up/Down 
9999 
C.A.LED 
2 
4.5Vt05.5V 
350mAtyp 
Equals and Zero 
7-33 
ICM7217A 
4 Digit Up/Down 
9999 
C.C.LED 
2 
4.5Vt05.5V 
100mAtyp 
outputs, counter 
7-33 


ICM7217B 
4 Digit Up/Down 
5959 
C.A.LED 
2 
4.5Vto 
5.5V 
200mAtyp 
preset and pre- 
7-33 


ICM7217C 
4 Digil UplDown 
5959 
C.C.LED 
2 
4.5Vto 
5.5V 
100mAtyp 
determining 
register 7-33 


set by thumb- 
wheel swilches 


ICM7224 
4-1/2 Digit 
19,999 
LCD 
15 
3Vto 
16V 
2s,.A max 
7-53 


ICM7225 
4-112 Digit 
19,999 
C.A. LED 
15 
3V to 6V 
2s,.Amax 
7-53 


ICM7240 
8 Bil Binary 
1-255 
open drain 
15 
2V to 16V 
500~max 
RC oscillator 
or 
8-1 


eX1.clock 


ICM7242 
Rxed8Bit 
128/256 
CMOS 
15 
2Vto 
16V 
500~max 
Programmable 
8-1 


Time outs 
ICM7250 
2 DigilBCD 
1-99 
open drain 
15 
2Vto 
16V 
500~max 
RC oscillator 
or 
8-1 


eX1.clock 


ICM7260 
2 Digit Timer 
1-59 
open drain 
15 
2Vto 
16V 
5O~max 
RC oscillator 
or 
8-1 


eX1.clock 


ICM7555 
CMOS 555 Timer 
CMOS 
0.5 
2Vto 
18V 
12~max 
8-9 
ICM7556 
CMOS 556 Timer 
CMOS 
0.5 
2V to 18V 
24~max 
8-9 


MM74C945 
4 Digil Up/Down 
9,999 
LCD 
3 
3Vt06V 
6O~max 
7~1 


MM74C947 
4 Digit Up/Down 
9,999 
LCD 
3 
3V to 6V 
6O~max 
7~1 


NOTE: 
C.A. lED _ Common Anode LED rnsplay 


C.C. LED - Common Cathode LED Display 


LCD and LED Display Drivers 


Part 
Input 
Formula 
Display 
Formats 
4-Digit 
8-Dlgil 
10-Digit 
4-Char 
5-Char 
LCD 
LED 
Page 


Number 
No. 


MAX7231 
6-bit Parallel 
Hex, BCD, or Code 
X 
X 
7-1 


B, plus 16 
annunciators 
MAX7232 
BilSerial 
Hex, BCD, or Code 
X 
X 
7-1 


B, plus 20 
annunciators 
MAX7233 
6-bit Parallel 
Upper Case ASCII 
X 
X 
7-1 


MAX7234 
BilSerial 
Upper Case ASCII 
X 
X 
7-1 


ICM7211 
I'P and Muxed 4-bit Hex, BCD and 
X 
X 
7-17 


CodeB 
ICM7212 
I'P and Muxed 4-bit Hex, BCD and 
X 
X 
7-17 


CodeB 


ICM72181 
8-bit Parallel 
Hex, BCD, Code B, 
X 
X 
7-41 


ICM7228 
plus No Decode 


Gener.' Description 


The Maxim 
ICM7240/50/60 
are programmable 
timer/ 
counters 
and the 
Maxim 
ICM7242 
is a fixed 
timer/ 
counter. 
They 
require 
only 
120l-'A of supply 
current, 
while 
generating 
delays from 
microseconds 
to days. 
Each 
device 
combines 
a counter 
with 
an 
internal 
oscillator 
whose 
period 
is controlled 
by an external 
resistor 
and capacitor. 
The oscillator 
can be inhibited 
and an external 
clock 
applied 
to the TB I/O terminal. 


The programmable 
counters 
in the ICM7240/50/60 
can 
be programmed 
using thumbwheel 
switches, jumpers, 
and analog switches. 


The ICM7240 has an 8 bit programmable 
counter 
and 


can 
generate 
time 
delays 
from 
1 to 
255 
RC time 


constants. 
The ICM7250 has a two digit programmable 
BCD counter 
and can generate time delays from 1to 99 
RC time constants. 
The ICM7260 is used for "real time" 
applications 
and 
has 
a 
modulo 
60 
programmable 
divider, 
producing 
time delays 
from 
1 to 59 RC time 


constants. 
The ICM7242 has an 8 bit fixed counter 
and 
can 
generate 
a time 
delay 
of 
1 and 
128 RC time 
constants. 
These four devices are easily cascaded and 
can operate in either astable or monostable 
configura- 
tions, 
using the on-chip 
control 
flip-flop 
with Trigger 
and Resetinputs. 
_________ 
Appl/cations 


The 
ICM7240/42/50/60 
family 
is suitable 
for a wide 


variety of timing 
and control 
applications. 


ON/OFF 
Delay Timers 
Batch Timer/Sequencers 
Cycle Timers 
Programmable 
Timers 
Frequency 
Synthesizers 
Ultra-Long 
Time Delay Generators 


BCD 
THUMBWHEEL 
SWITCHES 


~~I~JXI~~I 
Fixed And Programmable 
Timer/Counters 
____________ 
Features 


• 
Improved 
second 
Sourcel (see 3rd page for "Maxim 
AdvantageT", 
") 


• 
Low Supply 
Current: 
120l-'A 


• 
Timing 
from I-'s to Days 


• 
Shutdown 
Current 
less than 10l-'A 


• 
Programmable 
Fixed Count 


• 
Cascadable 
for Long Range Timing 


• 
Monostable 
or Astable 
Operation 


• 
Low Power CMOS 


PART 
TEMP. RANGE 
PACKAGE 


ICM7240IPE 
-20·C to +85·C 
16 Lead PLASTIC 
DIP 


ICM7240lJE 
-20·C to +85·C 
16 Lead CERDIP 


ICM7240C/D 
O·C to +70°C 
Dice 


ICM72421PA 
O·C to +85°C 
8 Lead PLASTIC 
DIP 


ICM72421JA 
-20·C to +85·C 
8 Lead CERDIP 


ICM7242C/D 
O°C to +70·C 
Dice 


ICM7250IPE 
-20°C to +85°C 
16 Lead PLASTIC 


ICM7250IJE 
-20·C to +85°C 
16 Lead CERDIP 


ICM7250C/D 
O°C to +70°C 
Dice 


ICM7260lPE 
-20·C to +85·C 
16 Lead PLASTIC 


ICM7260lJE 
-20°C to +85°C 
16 Lead CERDIP 


ICM7260C/D 
O°C to +70°C 
Dice 


+2 
OUTPUT 
2 
+128/256 
OUTPUT 
3 


GNO 4 


B 
TB 1111 


IRe 


B TRIGGER 


5 RESET 
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7240 
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{ 
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TRIGGER 
RESET 
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.NIAXI.NI 


/CM7240 
/CM7250 
/CM7260 


The "Maxim Advantage"''' 
signifies 
an upgraded 
quality 
level. At no additional 
cost we offer a second-source 
device that is subject 
to the following: 
guaranteed 


performance 
over temperature 
along with tighter 
test specifications 
on many key parameters; 
and device enhancements, 
when needed, 
that result in improved 
performance 
without 
changing 
the functionality. 


Fixed and Programmable 
Timer/Counters 


ABSOLUTE MAXIMUM RATINGS 


Supply Voltage 
••••••..••••••••••••.•.....•••.• 
18V 
Input Voltage (Note 1) 
ICM7240/50/60, 


pins 10,11,12,13,14 
••••.•.•••• 
(Gnd-0.3V) to (V+ +0.3V) 


ICM7242 
pins 5,6,7,8 ••••••• 
, ••.•••••• 
(Gnd-0.3V) to (V+ +0.3V) 


Output Voltage 
ICM7240/50/60 
pins 1,2,3,4,5,6,7,8 .•.•••••..•••••• 
(Gnd-0.3V) to +18V 
pins 14,15 ••••••• 
, •••••.••••• 
(Gnd-0.3V) to (V+ 0.3V) 


Output Voltage 
ICM7242 
pins 2,3,8 
.••••••••.•.•.•.••• 
(Gnd-0.3V) to (V+0.3V) 


Maximum Continuous 
Output 
Current (each output) 
••••••••••.•••••••••••••. 
50mA 


Power Dissipation 
•••••••••••••••••.••••.•.... 
200mW 


Derate at -2mWfOC above 25·C. 


Operating Temperature 
Range • • • • • • • • • • . •• 
-20·C to +85·C 


Storage Temperature 
Range 
•••••.••••••• 
-55·C to +125·C 


Lead Temperature 
(soldering, 
10 seconds) 
•••••••••• 
+300·C 


Note 1: 
Due to the SCR structure 
inherent in the CMOS process, connecting 
any terminal (except pins 1through 8 on the ICM7240/50/60) 


to voltages greater than V+ or less than Ground may cause destructive 
device latchup. For this reason, it is recommended 
that no 


inputs from external sources be applied to the device before the supply is established. 
In multiple supply systems, the supply to 


ICM7240/42/50/60 
should 
be turned 
on first. Pins 1 through 
8 in the ICM7240/50/60 
are open drain devices and are rated to 


withstand 
18Volts with respect to ground 
(pin 9). 


Stresses above those listed under ''Absolute Maximum 
Ratings" may cause permanent 
damage to the device. These are stress ratings only and functional 


operation 
of the device at these or any other conditions 
above those indicated in the operational 
sections of the specifications 
is not implied. Exposure to 


absolute maximum 
fating conditions for extended periods may affect device reliability. 


ELECTRICAL CHARACTERISTICS 
(V+=+5V, TA=+25·C, R=10kO, C=0.1"F, unless otherwise specified.) 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN. 
TYP. 
MAX. 
UNITS 


Guaranteed Supply Voltage 
V+ 
2 
16 
V 


Supply Current 
1+ 
Reset 
125 
"A 
7240,50,60 
Operating, 
R = 10kO, C = 0.1"F 
300 
700 
"A 
Operating, 
R = 1MO, C = 0.1"F 
120 
500 
"A 


TB Inhibited, 
RC Connected 
to GND 
125 
"A 


7242 
Operating, 
R = 10kO, C = 0.1"F 
340 
800 
"A 
Operating, 
R = 1MO, C = 0.1"F 
220 
600 
"A 


TB Inhibited, 
RC Connected 
to GND 
225 
"A 


Timing Accuracy 
-5 
% 


RC Oscillator 
Frequency 
llflllT 
(Exclusive of RC Drift) 
250 
ppmfOC 
Temperature 
Drift 


Time Base Output Voltage 
VOTB 
ISOURCE= 1 mA 
,,\,I 
3.5 
4.2 
V 


IS1NK= 3.2 mA 
0.25 
0.6 
V 


Time Base Output 
'TeLK 
RC = Ground 
•.J\V:P. 
25 
"A 
Leakage Current 


Mod Voltage Level 
V"OD 
V+ = 5V 
~~~ ..;,,\\~ 
3.5 
V 


7240/50/60 
V+ = 15V 
11.0 
V 


Trigger Input Voltage 
VTR1G 
V+ = 5V 
~:"0''or 
1.6 
2.0 
V 


V+ = 15V 
3.5 
4.5 
V 


Reset Input Voltage 
VRST 
V+ = sv 
~¥ 
1.3 
2.0 
V 


V+= 15V 
2.7 
4.0 
V 


Max Count Toggle Rate 
ft 
V~2V 
} 
1 
MHz 


7240,7242 
. V = 5V 
Counter/Divider 
Mode 
2 
6 
MHz 


¥= 15V 
13 
MHz 


••50% Duty Cycle Input with Peak to Peak 


"'<of' 
Voltages Equal to V+ and GND 


Max Counter Toggle Rat( 
It 
V+ = 5V 
1.5 
5 
MHz 
7250,7260 
•... 
(Counter/Divider 
Mode) 


Max Count Toggle Rat 
, 


f, 
Programmed Timer - 
Divider Mode 
100 
kHz 
7240, 7250, 7260 


Output S.~t\Jrailon Voltage 
VSAT 
All Outputs except TB Output 
0.22 
0.4 
V 
V+ = 5V, 'OUT= 3.2 mA 


OutputLeakage 
Current 
'OLK 
V+ = 5V, per Output 
1 
"A 
Output Sourcing 
Current 
'SOURCE 
V+ = 5V 
300 
"A 
7242 
Terminals 2 & 3, VOUT= 1V 


MIN Timing Capacitor 
Ct 
10 
pF 


Timing 
Resistor Range 
Rt 
V+ S 5.5V 
22M 
° 
V+ S16V 
22M 
° 
The electrical characteristics 
above 8re a reproduction 
of a portion of Intersit's copyrighted 
(1983, 1984) data book. This information does not constitute any 


representation 
by Maxim 
that Intersit's products 
will perform in accordance 
with these specifications. 
The Electrical Characteristics 
Table along with the 


descriptive excerpts from the manufacturer's data sheet have been included in this data sheet solely for comparative purposes. 


Fixed And Programmable 
Timer/Counters 


• 
Supply 
Current 
Guaranteed 
Over Temperature 


• 
Standby 
Current 
Less Than 10~A 


• 
Significantly 
Improved 
ESD Protection 
(Note 1) 


• 
Maxim Quality 
and Reliability 


• 
Synchronous 
High Speed Operation 


• 
No False Clocking 


• 
Increased 
Toggle 
Rate 


ABSOLUTE MAXIMUM RATINGS: 
These devices conform 
to the Absolute 
Maximum 
ratings on the adjacent page. 


ELECTRICAL CHARACTERISTICS: 
Specifications 
below satisfy or exceed all "tested" 
parameters on adjacent page. 


(Y+=+5Y,TA=+25°C, Test circuil: 
R=10kn, C=0.1I'F, unless otherwise specified). 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Guaranteed Supply Yoltage 
y+ 
2 
16 
Y 


Supply Current 
1+ 
Re.el, -20°C S TAS +85° C 
125 
700 
pA 
Operating, 
R = 10kn, C = 0.1!,F, TA = 25°C 
300 
700 
pA 
-20°CS 
TAS +85°C 
800 
lOA 
OpereUng, R = 1Mn, C = 0.1!,F (Note 2) 
120 
500 
pA 
TB Inhibited, 
RC Connected 
to GND 
-20°CS 
TAS +85°C 
10 
lOA 


Timing Accuracy 
y+ = +5Y, R = 10kn, C = 0.1!,F 
5 
% 


RC Oscillator 
Frequency 
<If/<lT 
(Exclusive of RC Drift) 
250 
ppmfOC 
Temperature Drift 


Time Base Output Yoltage 
VOTe 
ISOURCE= 1 mA 
3.5 
4.2 
Y 


IS1NK= 3.2 mA 
0.25 
0.6 
Y 


TIme Bne 
Output 
ITBLK 
RC = Ground 
5 
lOA 
leekege 
Current 


Tlmebe.e 
Input Voltege 
V1L 
0,8 
V 
V1H 
3.5 
V 


Mod Yoltage level 
Y"'OD 


y+ = 5Y 
4.0 
Y 
7240,50,60 
y+ = 15Y 
12 
Y 


TrIgger Input Voltege 
VTA1G 
V+ = 5V 
0.8 
1.6 
2.0 
V 
y+ = 15Y 
0.8 
3.5 
4.5 
V 


Reset Input Vollege 
VAST 
y+ = 5V 
0.8 
1,3 
2.0 
V 
y+ = 15V 
0.8 
2.7 
4.0 
V 


Trigger/Reset 
Input Current 
ITR1G 
-20°C :STA:s +85°C 
0.1 
10 
lOA 
IRESET 


Mex Count Toggle Rete 
f, 
y+ =2V 
Fixed Counter/ 
1 
MHz 
7240, 7242 7250, 7260 
y+ = 5V 
Divider Mode 
3 
8 
MHz 
V+ = 15V 
15 
MHz 
SO%Duty Cycle Input with Peek to Peek 
Voltege. Equel to V+ end GND 


Mex Count Toggle Rete 
f, 
Progremmeble 
DivIde Mode 
200 
kHz 
7240, 7250, 7260 
(Note 2) 


Cerry Out Source 
Source Output Current 
ICOH 
VOH= Y+-1V 
300 
lOA 
Sink Output Current 
VOL= +0.4 Volt. 
3.2 
mA 


Output Saturation 
Yoltage 
YSAT 
All Outputs except TB Output 
0.22 
0.4 
Y 
y+ = +5Y, ISINK= 3.2 mA 


Output leakage 
Current 
10lK 
y+ = +5Y, per Output 
1 
lOA 


Output Sourcing Current 7242 
ISOUACE 
V+ = +5V termlnel. 
2,8,3 
300 
lOA 
VOUT= Y+-1V 


MIN Timing Capacitor 
C1 
10 
pF 


Timing 
Resistor Range 
R1 
Y+:s 5.5Y 
1k 
22M 
n 


Y+:s 16Y 
1k 
22M 
n 


RC Input leekege 
lAC 
RC = 2.5V 
10 
nA 


Note 1: 
All pins are designed to withstand 
electrostatic 
discharge 
(ESD) levels in excess of 2000Y (Mil STD 883C Method 3015.2 Test 


Circuit). 


Note 2: 
Parameter is a.A. sample tested. 


lD.lDl~F 


I.IDI~F 


l00,.F 


111pF 


I~F 


.1~F 


m~F 


.IXI1~F 


1000F 


IIlpF 


lpF 


.1 
10 
1110 
Ik 
10k 
lOOk 
1M 
10M 


TIME 8ASE FREQUENCY1Hz) 


SUPPLY CURRENT vs. 
SUPPLY VOLTAGE 
OVER TEMPERATURE 


6 
8 
10 
12 
14 
16 


SUPPLYWlt\6E 
IV) 


NORMALIZED FREQUENCY 
vs. TEMPERATURE 


+5 


+4 
R-Ikn 
~ +3 
C. 
OJ~F 
~ +2 
'" 
~ 
~ 
uz 
+1 
~ 
~ 
~ 
-II 


-2 


-3 


-4 


-5 
-25 
+25 
+50 
+75 


TEMPERATUREIOC) 


MAXIMUM DIVIDER 
FREQUENCY vs. 
SUPPLY VOLTAGE 


100M 


fA = +25°C 


RCCONNECTED 
TOOROUNO 


+10 


+8 
Z 
+6 
'" 
~ 
+4 


~ 
+2 
lit 
0 
:: 
c 
-2 


~ 
-4 
& 
-6 


-8 


-10 
2 
4681012141618211 


SUPPLYWLTAGE(V) 


101( 


024681012141618211 


SUPPLYWLTAGE(V) 


MINIMUM RESET AND 
TRIGGER PULSE WIDTH 
vs. AMPLITUDE 


7110 
!!. 
~ 600 
!i 
~ 


500 
~ 4110 
~~ 300 
zc~ 2110 
c~ 1110 


012345678910 


TRIGGERORRESETAMPLITUDE IV) 


+ 2'IRC + 21OUTPUT 


+ 28 IRC+ 2li6l OUTPUT 


y' 


IOkO 
1 


IOkO 
2 
IOkO 
3 
IOkO 
4 
IOkO 
5 
IOkO • 
IOkO 
7 
IOkO • 
y' 


Note: Outputs + 21 and + 28 are inverters and have 
active pullups. 


Note: 
51-8 inhibits thetimebasesection, allowing terminal 
14to become the counter input. 


"Note: 
Terminal 8 is open circuit for 7260. 


""Note: 
Terminal 15 is open circuit for 7250/60 devices. 


Fixed And Programmable 
Timer/Counters 


PIN 
PIN# 


NAME 
DESCRIPTION 
ICM7240/50/60 
ICM7242 


Y+ 
16 
1 
Positive power supply pin. 
. 


GND 
9 
4 
Ground 


RC 
13 
7 
RC timing node. If this pin is grounded, the TB 1/0 pin is an external clock input. An 
external resistor and capacitor 
connected to this pin sets the frequency 
of the internal 
oscillator 
to lIRC. 


Trigger 
11 
6 
The Trigger input sets the internal control flip-flop 
to the Run state. If the counter is reset 
and·TB 1/0 is low, a high on Trigger will clock the counter to the all Oscount and counting 
will begin. 
If the counter is reset and TB 1/0 is high, a high level on Trigger will only set the control 
flip-flop. 
The counter will clock to the all Oscount on the next falling edge of TB 1/0, pro- 
vided the control flip-flop 
is set. 


Reset 
10 
5 
A high input on Reset while Trigger is low will reset the counter, force all counter outputs 
high, and stop the counter by resetting the control flip-flop. 
The Reset input has no effect if 
Trigger is high. 


TB 1/0 
14 
8 
The TB 1/0 pin is an external clock input if the RC pin is grounded. 
If RC is not grounded 
the TB 1/0 pin is the timebase oscillator 
output. The Maxim TB 1/0 output is fUlly buffered 
and can drive up to 1000pF of capacitance. 


Carry Out 
15 
- 
Carry goes high during the last 10 counts-50 
through 
59 in the ICM 7260, 90 through 
99 
(ICM 7250/60 
in the ICM7250. To cascade two ICM 7250/605, drive the TB 1/0 pin of one ICM7250/60 
only) 
with the Carry Out of the other. (Use the + 128 output to cascade ICM7240 and ICM7242.) 


Buffered 
15 
- 
Buffered output of the Reset input of the control flip-flop. 
(Maxim ICM7240 only) 
Reset 


Counter 
1-8 
The ICM7240/50/60 
outputs are open drain n-channel outputs which sink current when 
Outputs 
on and are open circuits when off. These outputs are TIL 
and CMOS compatible 
if a 
pUliup resistor is connected 
to y+ 


Counter 
- 
2,3 
The ICM7242 outputs are logic outputs which both sink and source currents. The 
Outputs 
ICM7242 outputs are both TIL 
and CMOS compatible 
and do not require puliups. The + 
2 output is a square wave at 'h the frequency 
of the onboard oscillator 
or external 
timebase. The + 128/256 output is a square wave with a period 256 times the oscillator 
or 
external timebase period. This pin goes high 128 clock cycles after the counter 
is triggered. 


MOD 
12 
- 
Similar to the Control input of an ICM7555, this pin is connected 
to the resistor string that 
sets the oscillator 
thresholds. 
The internal resistor divider drives the Modulation 
(MOD) 
pin to 80% of y+ Varying the MOD voltage will adjust the oscillator 
frequency. 
- 


Fixed And Programmable 
Timer/Counters 
_______ 
Circuit Description 


The timing 
cycle 
is controlled 
by the internal 
control 


flip-flop. 
This set-reset flip-flop 
is set to the Run state by 
a high 
level on the Trigger 
input. 
A high level on the 
Reset input 
puts the control 
flip-flop 
into the 
Reset 


state, provided 
Trigger is low. Trigger overrides 
Reset: if 
both Trigger and Reset are high the control 
flip-flop 
is 
set to the Run state. 


When 
the control 
flip-flop 
is set to the run state the 


counter 
is set to all Os (all outputs 
low), the timebase 


input 
is also enabled, 
and the counter 
will increment 
with each negative-going 
edge at TB I/O. 


A high 
level on the Reset input 
while 
Trigger 
is low 
resets 
the 
control 
flip-flop. 
The 
flip-flop 
resets 
the 
counter 
forcing 
all the counter 
outputs 
high, inhibiting 


the counter 
from being incremented, 
and unless in the 
external 
timebase 
mode, turns on the internal 
pullup 
connected 
to the RC pin. 


The RC oscillator 
period 
is set by an external 
resistor 
and capacitor. 
The external resistor charges the capac- 


itor to 80% of V+. This voltage 
is detected 
at the RC 


terminal, 
TB I/O goes low, the counter 
increments 
one 
count, 
and 
the 
internal 
discharge 
transistor 
rapidly 
discharges 
the 
capacitor 
to 
45% of 
V+. When 
the 
capacitor 
voltage 
goes below 
45% of V+ the internal 
discharge 
transistor 
turns off, TB I/O goes high, and 


the external 
capacitor 
again starts to charge 
through 


the external resistor. The period of each oscillator 
cycle 


is 1.0 RC. 


In many 
applications, 
one 
or 
more 
of the 
counter 
outputs 
can 
be used 
to 
reset 
the 
counter 
after 
a 
programmed 
count 
is completed. 
With 
no 
outputs 
connected 
back to the Reset pin, the circuit 
operates in 


the astable (free running) 
mode. 


.Jl 
__TRIGGER INPUT 
---_______ 
IPINII) 
I I I I I I I I I I I I __~:E~SEOUTPUT 
....• 
n n n n n r-__ 
+2 OUTPUT 
L.I 
L.I 
L..I L..I L.I 
L..I 
IPIN 1) 
-l 
2t I- 


+4 OUTPUT 
IPIN 2) 
~1-41--1 
1 
I 
I 
r 
LI 


81 
1·11~ 
1--1281---1 


Applications 


Programmable 
TIme Delay 


Figure 
2 shows 
a basic 
programmable 
time 
delay. 


When the circuit 
is triggered 
all outputs 
go low. When 


the programmed 
count 
is reached, 
the Reset input 
is 


pulled high by the 10kD resistor, resetting 
the counter. 


The 
programming 
can 
be achieved 
by using 
either 


mechanical 
switches 
such 
as thumbwheel 
or 
DIP 


switches, 
or analog switches 
such as the CD4016 and 


CD4066. 


BUFFERED RESET 
(7240) 


CARRY OUT 
lmo/~ 


i 
V·OUTPUT 
-=- 
GNOLJ 
~-1 f- 


"Note: 
For power up triggering (tw ~ 185ms) use circuit 
shown and omit external pulse. 


""Note: 
Programming achieved by solder connections. DIp, 
thumbwheel or analog switches. 


Output Count Programming 


(IC",7240/5Q/60J 


The counter outputs on the ICM7240/50/60 are open-drain- 
channel 
FETs, enabling 
a "wired-OR" 
connection 
to be 


achieved 
by shorting 
together 
the desired outputs 
with 


a common 
pull-up 
resistor. In this way, the timing cycle 


can be programmed 
from: 


1RC to 255RC (ICM7240) 


1RC to 
99RC (ICM7250) 


1RC to 
59RC (ICM7260) 


Programming 
the 
ICM7240/50/60 
can 
achieved 
by 


hard 
wiring, 
DIP switches, 
or standard 
thumbwheel 


switches. 


ICM7242 
Counter Outputs 


The 
ICM7242 
is a non-programmable 
timer/counter. 


The outputs 
on the ICM7242 are inverters 
which 
both 


source 
and 
sink 
current, 
unlike 
the 
open 
drain 
N- 


channel 
outputs 
of the ICM7240/50/60 
which only sink 


current. 
The ICM7242 
output 
inverters 
eliminate 
the 
need for external 
pull-up 
resistors. 


Outputs 
on pins 2 and 3 are +2 and +28 respectively. 
To 
use the 8 bit counter 
without 
the timebase, 
connect 
pin 


7 (RC) to ground 
and drive 
pin 8 (TB I/O) 
with 
an 
external timebase. For monostable 
applications 
connect 


the +28 output 
to the reset pin. 


Programmable 
DllIlder 


With the addition 
of an RC network 
betweeen the Reset 
and Trigger 
inputs, 
the circuit 
of Figure 3 becomes 
a 
programmable 
divider. The output period is N times the 
oscillator 
(or external 
input) 
period, 
where 
N is the 
number 
programmed 
into the thumbwheel 
switches. 


The 56kO and 30pF RC network 
drives the Trigger high 
approximately 
7P.safter Reset goes high, retriggering 


the 
counter 
and 
starting 
the 
cycle 
again. 
For high 


• Note: 52 not used on ICM7260. 
··Note: 
For high-speed 
operation replace resistor R1 with 
2.2 kO and capacitor 
C1 with 39pF. 


FaedAndPmg~mm8b~ 
Timer/Counters 


speed 
operation 
the capacitor 
should 
be reduced 
to 


39pF and the 10kO pullu'p resistor 
reduced 
to 2.2kn. 


Competitive Compa,/son 


Maxim's 
ICM7240/42/50/60 
devices 
are 
upwardly 


compatible 
with Intersil's 
devices. 
The counters 
used 
in Maxim's 
parts are synchronous 
versus the ripple- 
type 
used 
in Intersil's 
parts. 
In the 
programmable 


divider 
mode, 
the maximum 
frequency 
of operation 


is limited 
by the propagation 
delay across the counter 
and the reset delay of the flip-flop. 
These delays must 


.be less than one half the timebase 
period, 
for reliable 
operation. 


Maxim's 
ICM7240 
has a Buffered 
Reset 
Output 
on 


pin 15 versus a No Connection 
on Intersil's 
part. This 
output 
is a buffered 
output 
from the reset line for the 
counters 
contained 
within 
the ICM7240, 
so that when 
the device 
is being used in the programmable 
divider 
mode, 
the output 
can be used as the divider 
count 


output. 


When 
Maxim's 
devices 
are operated 
with 
the time- 


base inhibited 
(RC pin grounded) 
and the counter 
is 


reset, the supply 
current 
forthe 
Maxim part is guaran- 


teed to be no more than 10p.A versus a possible 
8mA 
at 
+5Volts 
and 
20mA 
at +16Volts 
for 
the 
Intersil 
part. 


The TB I/O output 
has significantly 
improved 
drive 
capability 
and 
can 
drive 
up 
to 
1,OOOpF of 
load 


capacitance 
versus 50pf for the Intersi I part. Maxim's 


devices 
are also less sensitive 
than 
Intersil's 
to the 


rate of change 
of the input waveform 
at TB I/O when 
in the external 
clock 
mode. 
This 
reduces 
the possi- 


bility 
of 
false 
triggering 
on 
slow 
falling 
clock 


waveforms. 


Sequence Timer 


Figure 4 shows 
how to cascade 
multiple 
counters 
to 
perform 
more complex 
control 
functions . 


TRIGGER n 
v• 
....L.:.JL 
0--0 
8, 
PUSH S, TO 
5lJI( 


START SEQUEHC~ 


--l 
1-MUST BESHORTERTHAN "ON 11m••• • 


TRIGGE~ 
••••• 
_ 


I'---I2BRC ---+1'-- 
_ 


OUTPUT7-l 
I 


I 
I. 
12BRC 
.1'-- 
_ 


OUTPUTB" I 
I 
I 
I 
1-128RC 
+j 


OUTPUTC" I 
I 
LJ"---- 
I 
l---12BRC-I 


OUTPUT0" L 
I 
I 
I~_I 


ONtlme• .---. 
,~.----ON 
t1meB---- 
•••~ONtlm.c~-- 
ONtimiD~ 


TRIGGER 
I 
MOO 


oosr 
(Ulmml 
1.,: 


0092" 


1234 mm) 


ICM 7242 


0092" 


(234 mm) 
ICM7240/S0/60 


20 OUT 
(320Un- 


IOOUT 
(IBOUn- 


BOUT 


________ 
General Description 


The Maxim ICM7555 and ICM7556 are respectively single 
and dual general 
purpose 
RC timers capable of gener- 
ating accurate time delays or frequencies. 
The primary 
feature is an extremely 
low supply current, 
making this 
device ideal for battery-powered 
systems. Additional fea- 
tures include low THRESHOLD, 
TRIGGER, and RESET 
currents, 
a wide operating 
supply 
voltage 
range, and 
improved performance at high frequencies. 


These CMOS 
low-power 
devices 
offer 
significant 
per- 
formance 
advantages 
over the standard 
555 and 556 
bipolar timers. Low-power 
consumption, 
combined 
with 
the virtually 
non-existent 
current 
spike during 
output 
transitions, 
make these 
timers 
the optimal 
solution 
in 
many applications. 


__________ 
Appllcat/ons 


Pulse Position Modulation 
Sequential Timing 
Missing Pulse Detector 


Pulse Generator 
Precision Timing 
Time Delay Generation 
Pulse Width Modulation 
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____________ 
F•• tur•• 


• 
Improved 2nd Sourcel (See 3rd page for 
"Maxim Advantage'·"). 


• 
Wide Supply Voltage Range: 2-18V 


• 
No Crowbarrlng 
of Supply 
During Output 
Transition 


• 
Adjustable 
Duty Cycle 


• 
Low THRESHOLD, 
TRIGGER 
and RESET 
Curents 


• 
TTL Compatible 


.' 
Monolithic, Low Power CMOS Design 


PART 
TEMP. RANGE 
PACKAGE 
ICM75551PA 
-20° C to +65°C 
6 Lead Plastic DIP 
ICM75551JA 
-20° C to +85°C 
8 Lead CERDIP 
ICM75551TV 
-20° C to +85°C 
TO-99 Can 
ICM7555MJA 
-55°C to +125°C 
8 Lead CERDIP 
ICM7555MTV -55°C to +125·C 
TO-99 Can 


ICM75551S0 
-20°C to +85°C 
8 Lead Small Outline 


ICM7555/D 
O°C to +70°C 
Dice 
ICM75561PD 
-20° C to +85°C 
14 Lead Plastic DIP 
ICM7556MJD 
-55°C to +125°C 
14 Lead CERDIP 
ICM75561S0 
-20°C to +85°C 
14 Lead Small Outline 
ICM7556/D 
O°C to +70°C 
Dice 


The "Maxim Advantage~" signifies an upgraded quality level. At no additional cost we offer a second-source device that is subject to the 
following: 
guaranteed performance 
over temperature 
along with tighter test specifications 
on many key parameters; and device 
enhancements, when needed, that result in improved performance without changing the functionality. 
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ABSOLUTE MAXIMUM RATINGS (Note 1) 


ICM75551S0 
(Maxim) 
......•......•... 
-20°C 
to +85°C 


ICM7555IPA. 
. . -20°C 
to +850C 


ICM75551TV 
. 
. .... 
-20°C 
to +85°C 


ICM75561PD 
.. -20°C 
to +850C 


. ICM7555MTV 
. 
. . . . . . • . . . 
. . -55°C 
to +125°C 


ICM7556MJD. 
. 
. -55°C 
to +125°C 


Storage 
Temperature. 
. . . . . . . . . . . . .. 
. 
-65°C 
to +150oC 


Lead 
Temperature 
(Soldering 
60 Seconds) 
+300oC 


Supply 
Voltage 
. 
Input 
Voltage 
TRIGGER 
Control 
Voltage 
THRESHOLD 
RESET 


Output 
Current. 
Power 
Dissipation' 
ICM7556. 
ICM7555. 


Operating 
Temperature 
Range 
ICM75551JA 
(Maxim). 
. 
-20°C 
to +85°C 


Stresses 
above 
those 
listed 
under 
Absolute 
Maximum 
Ratings 
may cause 
permanent 
damage 
to the device. 
These 
are stress ratings 
only and functional 
operation 
of the device 
at these 
or any other 
conditions 
above 
those 
indicated 
in the operational 
sections 
of the specifications 
is not impiied. 
Exposure 


to absolute 
maximum 
rating conditions 
for extended 
periods 
may affect 
device 
reliability. 


... 
100mA 


..... 
300mW 


...... 
200mW 


ELECTRICAL CHARACTERISTICS 


(V+ = +2 to +15volts; 
T. = 25°C. 
Unless 
Noted) 


VALUE 


PARAMETER 
SYMBOL 
T~ST CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Supply 
Voltage 
V+ 
--20°C 
$ TA 5 +70°C 
2 
lB 
V 


-55°C 
< T." 
+125°C 
3 
16 
V 


Supply Current'3' 
I' 
ICM7555 
V+ .: 
2V 
60 
200 
~A 
V+ = 1BV 
129 
300 
~A 


ICM7556 
v+ = 
2V 
120 
400 
~A 
V+ = lBV 
240 
600 
~A 


Timing 
Error 
R•. RB = Ik to lOOk. 
5V" 
V"" 
15V 
C=O.l~F 


InitIal Accuracy 
Note 
4 


G~~ 


~~ 


2.0 
5.0 
% 


Onft 
wIth 
Terr.perature 
Note 
4 
v+ = 
5V 
~~ 


50 
ppm/oC 


V+ = 10V 
75 
V+ = 15V 
100 


Drofl with 
Supply 
Voltage 
v •.. 
= 
5V 
.•..,J\0 
1.0 
3.0 
%N 


Threshold 
Voltage 
VTH 
V+ = 5V 
~.•. 
0.63 
0.66 
0.67 
V+ 


Tngger 
Voltage 
VTRIG 
-1. 
V· = 
5V, 
0.29 
0.33 
0.34 
V· 


r--r-f1gger Current 
lTRJG 
V+ - 
lBV 
~:" . 
50 
pA 
V+= 
5V 
.G\P 


10 
pA 


V+-= 
2V 
1 
pA 


Threshold 
Current 
ITH 
V+= 
IBV 
50 
pA 


., 
V·+ = 
5V 
10 
pA 


'V.'= 
2V 
1 
pA 


Reset Current 
. 


JRSr", 
' 
VRESET = Ground 
V+ = 1BV 
100 
pA 


~ 


v+ ::: 5V 
20 
pA 


v+ = 
2V 
2 
pA 


Resel 
Voltage 
VRST 
V' = lBV 
0.4 
0.7 
1.0 
V 


v+ = 
2V 
0.4 
0.7 
1.0 
V 


Confrol 
Voitage 
Lead 
Vcv 
V+ = 
5V 
0.62 
0.66 
0.67 
V' 


Output 
Voltage 
Drop 
Vo 
Output 
La 
V+ = lBV 
ISINK - 3.2mA 
0.1 
0.4 
V 


V+ = 
5V 
ISINK = 3.2mA 
0.15 
0.4 
V 


Output 
Hi 
V+ = lBV 
ISOURCE = 1.0mA 
17.25 
17.B 
V 


v+ = 
5V 
'SOURCE = 1.0mA 
4.0 
4.5 
V 


Rise Time of Output 
" 
RL = 10MlI 
CL = 10pF 
V+ = 5V 
35 
40 
75 
ns 


Fall TIme 0' Output 
h 
RL = 10Mll 
CL = lOpF 
V+ - 5V 
35 
40 
75 
ns 


Guaranteed 
Max 03C FreQ 
'mal 
Astable 
Operation 
500 
kHz 


Note 
1: Due to the SCR structure 
inherent 
in the CMOS 
process 
used to fabricate 
these 
devices. 
connecting 
any terminal 
to a voltage 
greater 
than 


V+ +O.3V 
or less than V- 
-O.3V 
may cause destructive 
latchup. 
For this reason it is recommended 
that no inputs from external 
sources 
not 


operating 
from 
the same 
power 
supply 
be applied 
to the device 
before 
its power 
supply 
is established. 
In multiple 
systems. 
the supply 
of the 


iCM7555/6 
must be turned 
on first. 


Note 
2: Junction 
temperatures 
should 
not exceed 
135°C 
and the power 
dissipation 
must be limited 
to 20mW 
at 125°C. 
Below 
125°C 
power 
dissipation 


may be increased 
to 300mW 
at 25°C. 
Derating 
factor 
is approximately 
3mW/oC 
(7556) 
or 2mW/oC 
(7555). 


Note 3: The suppiy 
current 
value 
is essentially 
independent 
of the TRIGGER. 
THRESHOLD 
and RESET voltages. 


Note 4: Parameter 
is not 100% tested. 
Majority 
of all units meet this specification. 


The electrical 
characteristics 
above are a reproduction 
of a portion 
of Intersil's copyrighted 
(1983/1984) data book. This information 
does not constitute 


any representation 
by Maxim 
that Intersil's products 
will perform 
in accordance 
with these specifications. 
The "Electrical 
Characteristics 
Table" along 


with the descriptive 
excerpts 
from the original 
manufacturer's 
data sheet have been included 
in this data sheet solely for comparative 
purposes. 
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General Purpose Timers 


• 
Guaranteed 
Discharge 
Output 
Voltage 


• 
Supply 
Current 
Guaranteed 
Over 
Temperature 


• 
Significantly 
Improved 
ESD 
Protection 
(Note 
6) 


• 
Maxim 
Quality 
and Reliability 


ABSOLUTE MAXIMUM RATINGS This device conforms to the Absolute Maximum Ratings on adjacent page. 
ELECTRICAL CHARACTERISTICS 
Specifications below satisfy or exceed all"tested" parameters on adjacent page. 
rv+ = +2 to +15 volts: T. = 25°C. unless noted.) 


• 
Lower 
Supply 
Current 


• 
Increased 
Output 
Source 
Current 


• 
Guaranteed 
THRESHOLD, 
TRIGGER 
and RESET 


Input 
Currents 


PARAMETER 
SYMBOL 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Supply Voltage 
v+ 
-20oC5TA5 
+B5°C 
2 
18 
V 


-55°C 
< TA< +125°C 
3 
16 
V 


Supply Current 
1+ 
ICM7555 
V 
=2-18V;TA=+25OC 
30 
120 
,.A 


(Note 3) 
y+ = 5Y;-20oC5TA5+85°C 
250 
,.A 
V+ =5Y; -55°C5TA5 
+125°C 
300 
,.A 


ICM7556 
y+ = 2-18V; TA = +25°C 
60 
240 
,.A 
V+ = 5Y; -20oCSTAS+85°C 
500 
,.A 
y+ = 5Y; -55°C 
< TA< +125°C 
600 
,.A 


Timing Error (Note 4) 
Circuit of figure 1(b); 


RA= Rs= 
100kO, C=0.11lF. y+ =5Y 


Initial Accuracy 
2.0 
5.0 
% 


(Note 5) 
Drift with Temperature 
Y+=5V 
50 
ppm/oC 


y+= 
10Y 
75 
ppm/oC 


v+ = 15V 
100 
ppm/oC 


Drift with Supply Yoltage 
v+ =5Y 
1.0 
3.0 
%/V 


Threshold 
Voltage 
YTH 
y+ = 5V 
0.63 
0.66 
0.67 
y+ 


Triqger Voltaqe 
VrRIG 
y+ =5Y 
0.29 
0.33 
0.34 
V'" 


Trigger Current 
ITRIG 
Y+=18Y 
50 
500 
pA 
y+ =5V 
10 
pA 


Y+=2Y 
1 
pA 


Threshold 
Current 
ITH 
Y+=18Y 
50 
500 
pA 
V+=5Y 
10 
pA 


V+ =2Y 
1 
pA 


Reset Current 
'RST 
VRESET = Ground 
Y+=18Y 
100 
-500 
pA 
Y+=5Y 
20 
pA 


Y+-2Y 
2 
pA 


Reset Yoltage 
VRST 
V+= 
18V 
0.4 
0.7 
1.0 
V 


V+ =2Y 
0.4 
0.7 
1.0 
V 
Control Yoltage 
Vcv 
V"'=5Y 
0.62 
0.66 
0.67 
v+ 


Output Voltage Drop 
Vo 
OutputLo 
y+= 
18V 
ISINK - 3.2mA 
0.1 
0.4 
Y 


v+ =5V 
ISINK = 3.2mA 
0.15 
0.4 
Y 


OUlpulHI 
Y+=18Y 
ISOURCE = 2.OmA 
17.25 
17.8 
Y 


Y+=5Y 
l<,nllAI'E = 2.0mA 
4.0 
4.5 
Y 


Discharge Output 
Vo.s 
V+ = 5Y, 'OIS = 3.2mA 
0.1 
0.4 
Y 
Voltaae 


Rise Time of Outout (Note 4) 
tr 
RI =10Mn 
CL = 10pF 
V+ =5V 
35 
40 
75 
ns 


Fall Time of Output (Note 4) 
tf 
RI =10Mn 
CL= 10pF 
y+ =5V 
35 
40 
75 
ns 


Guaranteed 
Max Osc. 
fmax 
Astable Operation 
500 
kHz 
Freq. (Note 4) 


Note 1: Due to the SCR structure inherent in the CMOS process used to fabricate these devices. connecting any terminal to a voltage greater than 
V+ +O.3V or less than V-- -O.3V may cause 
destructive 
latchup. 
For this reason 
it is recommended 
that 
no inputs 
from 
external 
sources 
not 
operating from the same power supply be applied to the device before its power supply is established. In multiple systems. the supply of the 
ICM7555/6 must be turned on first. 


Note 2: Junction temperatures should not exceed 135°C and the power dissipation must be limited to 20mW at 125°C. Selow 125°C power dissipation 


may be increased to 300mW at 25°C. Derating factor is approximately 3mW/oC (7556) or 2mW/oC (7555). 
Note 3: The supply current value is essentially independent olthe TRIGGER, THRESHOLD AND RESETvoltages. 


Note 4: Parameter 
is not 100% tested. 
Majority 
of all units meet this specification. 


Note 5: Deviation from f = 1.46/(R. + 2 RB)C.V+ = 5V. 
Note 6: All pins are designed to withstand electrostatic discharge (ESD) levels in excess of 2000V.(Mil Std BB3S.Method 3015.1TestCircuit.) 


DISCHARGE 
OUTPUT CURRENT 
AS A FUNCTION 
OF 
DISCHARGE 
OUTPUT VOLTAGE 


PROPAGATION 
DELAY 
AS A FUNCTION 
OF 
VOLTAGE LEVel 
OF TRIGGER 
PULSE 


~ 
.5 
•... 


~ 
10.0 
a:a: 
:>u 
"zin 
~ 
1.0 
a: 
'":I: 
ill 
1i 


FREE RUNNING 
FREQUENCY 
AS A 
FUNCTION 
OF RA. Rs AND C 


NORMALIZED 
FREQUENCY 
STABILITY 
IN THE ASTABLE 
MODE AS A 
FUNCTION 
OF TEMPERATURE 


1.0F 
TA -29'C 
_ 
+1.0 


l00mF 
.. 
; 
+0.9 


'OmF 
~ 
+0.8 


TmF 
~ 
+0.7 


l00IolF 
0+0.6 


10#,-F 
> 


'.F 
~ 
+0.5 


~ 
+0.4 
l00nF 
0 


10nF 
~ 
+0.3 


'nF 
S +0.2 


l00pF 
~ +0.1 


10pF 
'",. 


'pF 
a:0-0.1 
0.' 
'0 
'00 
,k 
'Ok 
TOOk 1M 10M 
Z 
20 
FREQUENCY 
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NORMALIZED 
FREQUENCY 
STABILITY 
IN THE ASTABLE 
MODE AS A 
FUNCTION 
OF SUPPLY VOLTAGE 
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_______ 
Detalled Description 


Both the ICM7555 timer and the ICM7556 dual timer can 
be configured 
for either astable or monostable operation. 


In the astable mode the free running frequency 
and the 
duty cycle are controlled 
by two external 
resistors and 
one capacitor. Similarly. the pulse width in the monostable 
mode is precisely controlled 
by one external resistor and 
capacitor. 


The external component count is decreased when replac- 
ing a bipolar timer with the ICM7555 or ICM7556. The 
bipolar devices produce large crowbar currents in the out- 
put driver. Tocompensate for this spike. a capacitor is used 
to decouple 
the power supply lines. The CMOS timers 
produce 
supply 
spikes of only 2-3mA 
vs. 300-400mA 
(Bipolar). 
therefore 
supply 
decoupling 
is typically 
not 
needed. This current 
spike comparison 
is illustrated 
in 
Figure 3. Another component 
is eliminated at the control 
voltage pin. These CMOS timers, due to the high imped- 
ance inputs of the comparators. do not require decoupling 
capacitors on the control voltage pin. 


c 
~ 


_______ 
Applications 
Information 


Astable Operation 


We recommend either of the two astable circuit configu- 
rations illustrated in Figure 1.The circuit in (1a) provides a 
50% duty cycle output using one timing resistor and cap- 
acitor. The oscillator 
waveform 
across the capacitor 
is 
symmetrical 
and triangular, swinging from V3to % of the 
supply voltage. The frequency generated is defined by: 


1 
f= 
1.4RC 


The circuit 
in (1b) provides a means of varying the duty 


cycle of the oscillator. The frequency is defined by: 


f= 
1.46 
(RA+2Rs)C 


D= 
Rs 
RA+ 2Rs 


Monostable Operation 


The circuit 
diagram 
in Figure 
2 illustrates 
monostable 
operation. 
In this mode the timer acts as a one shot. Ini- 


tially the external capacitor is held discharged by the dis- 
charge output. Upon application 
of a negative TRIGGER 
pulse to pin 2. the capacitor begins to charge exponen- 
tially 
through 
RA. The device 
resets after the voltage 
across the capacitor reaches %(V+). 


toutPut=-ln('I3)RAC=1.1 
RAC 


Reset 


The reset function is significantly 
improved over the stan- 
dard bipolar 555 and 556 in that it controls only the inter- 
nal flip-flop, 
which 
in turn simultaneously 
controls 
the 
state of the Output and Discharge pins. This avoids the 
multiple threshold problems sometimes encountered with 
slow-falling 
edges of the bipolar 
devices. This input is 
designed to have essentially the same trip voltage as the 
standard bipolar devices (0.6 to 0.7V). At all supply volt- 
ages this input maintains an extremely high impedance. 


Control Voltage 


The control voltage regulates the two trip voltages for the 
THRESHOLD 
and TRIGGER 
internal 
comparators. 


This pin can be used for frequency 
modulation 
in the 
astable mode. By varying the applied voltage to the con- 
trol voltage pin, delay times can be changed in the mono- 
stable mode. 


Power Supply Considerations 


Since the TRIGGER, THRESHOLD 
and Discharge leak- 
age currents are very low, high impedance timing compo- 
nents may be used, keeping total system supply current 
at a minimum. 


Output Drive Capability 


The CMOS output stage is capable of driving most logic 
families 
including 
CMOS and TTL. The ICM7555 
and 
ICM7556 will drive at least two standard TTL loads at a 
supply voltage of 4.5V or greater. When driving CMOS, 
the output swing at all supply voltage levels will equal the 
supply voltage. 


THRESHOLD 
•• 
CONTROL 
VOLTAGE 


This block 
diagram 
reduces 
the circuitry 
down to its simplest 
equivalent 
components. 
R = 100kO, ±20% typo 
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11.._: 


CONTROL 
VOLTAGE 


RESET 
TRIGGER 
THRESHOLD 
OUTPUT 
DISCHARGE 
VOLTAGEt 
VOLTAGEt 
SWITCH 
Low 
Irrelevant 
Irrelevant 
Low 
On 
High 
<'hV+ 
Irrelevant 
High 
Off 
High 
>'1sV+ 
> 2fs V+ 
Low 
On 


High 
>'hV+ 
<2f3V+ 
As previously 
established 


tVoltages 
levels shown are nominal. 


NOTE: 
RESET will dominate 
all other 
inputs. 
TRIGGER 
will dominate 
over THRESHOLD. 


~~~:~~, 
REi 
lT 
OUTPUT 
, 
4 
31' 


THAlSHoLO'1i 
DISCHARGE 
7 


.0<"" 


11.07 ••.•..,1 
~ 
v· • 
2 TRIGGER 


.NIAXI.NI 
I 
.~D I 
ICM7555 
_,,::::.., __ 


t 
OUT1'\JT' 


11:=':' 
RESET10 


CONTROL 
11 
VOLTAGE 


THRESHOLD" 


A1AXIAi'I 
I DISC~:RGE 
~+ 
ICM7556 
-11:~1 


MAX230 
MAX231 
MAX232 
MAX233 
MAX234 
MAX235 


MAX237 
MAX238 
MAX239 


+5V Powered, 
Five RS-232 Transmitters 
with 
Power 
Shutdown 
9-1 


+5V and +12V Powered, 
Dual RS-232 Transmitters 
and Receivers 
9-1 


+5V Powered, 
Dual RS-232 Transmitters 
and Receivers 
9-1 


No External 
Component 
+5V Powered, 
Dual RS-232 Transmitters 
and Receivers 
9-1 


+5V Powered, 
Quad 
RS-232 Transmitters 
9-1 


No External 
Component 
+5V Powered, 
Five RS-232 Transmitters 
and Receivers 


with 
Power 
Shutdown 
and Receiver Three-State 
Enable 
9-1 
+5V Powered, 
Four RS-232 Transmitters 
and Three 
RS-232 Receivers 
with 
Power 
Shutdown 
and Receiver Three-State 
Enable 
9-1 


+5V Powered, 
Five RS-232 Transmitters 
and Three 
RS-232 Receivers 
9-1 


+5V Powered, 
Quad 
RS-232 Transmitters 
and Receivers 
9-1 


+5V and +12V Powered, 
Three 
RS-232 Transmitters 
and Five RS-232 Receivers 
with Three-State 
Receiver 
Enable 
9-1 
+5V Powered, 
Five RS-232 Transmitters 
and Receivers 
with 
Power 
Shutdown 
and 


Receiver 
Three-State 
Enable 
in Plastic 
Flatpack 
9-1 


+5V Powered, 
Four Transmitters, 
Five Receivers 
with 
Power 
Shutdown 
and 
Receiver 
Three-State 
Enable 
in 28 Pin Small 
Outline 
9-1 


RS-232 Line Drivers/Receivers 


Part 
Power 
Supply 
No. of 
No. of 
External 
Low Power 
Comments 
Page 


Number 
Voltage 
RS-232 
RS-232 
Components 
Shutdownl 
No. 


Drivers 
Receivers 
TIL3-State 


MAX230 
+5V 
5 
0 
4 capacitors 
YesINo 
Needs only +5V 
9-1 


MAX231 
+5Vand 
2 
2 
2 capacitors 
NoINo 
For 9V battery or 
9-1 


+7.5Vto132V 
+5Vand 
+12V 
MAX232 
+5V 
2 
2 
4 capacitors 
NoINo 
Needs only +5V 
9-1 


MAX233 
+5V 
2 
2 
None 
NoINo 
Needs only +5V, 
9-1 


MAX234 
+5V 
4 
0 
4 capacitors 
NolNo 
Needs only +5V 
9-1 


MAX235 
+5V 
5 
5 
None 
YesNes 
Needs only +5V 
9-1 


MAX236 
+5V 
4 
3 
4 capacitors 
YesNes 
Needs only +5V 
9-1 


MAX237 
+5V 
5 
3 
4 capacitors 
NoINo 
Needs only +5V 
9-1 


MAX238 
+5V 
4 
4 
4 capacitors 
NoINo 
Needs only +5V 
9-1 


MAX239 
+5Vand 
3 
5 
2 capacitors 
YesINo 
For 9V battery or 
9-1 


+7.5V to 132V 
+5Vand 
+12V. 


MAX240 
+5V 
5 
5 
4 
YesNes 
Needs only +5V 
9-1 


MAX241 
+5V 
4 
5 
4 
YesNes 
Needs only +5V 
9-1 


_______ 
General Description 


Maxim's 
family 
of line drivers/receivers 
are intended 
for 
all RS-232 
and 
V.28N.24 
communications 
inter- 
faces, and in particular, 
for those 
applications 
where 


±12V is not available. The MAX230, MAX236, MAX240 
and MAX241 are particularly 
useful in battery powered 
systems 
since 
their 
low 
power 
shutdown 
mode 
reduces 
power 
dissipation 
to 
less than 
5pW. 
The 
MAX233 
and 
MAX235 
use no external 
components 
and are recommended 
for applications 
where printed 
circuit 
board 
space is critical. 


All 
members 
of the family 
except 
the 
MAX231 
and 
MAX239 need only a single +5V supply 
for operation. 


The 
RS-232 
drivers/receivers 
have on-board 
charge 
pump voltage converters 
which 
convert 
the +5V input 
power 
to the ±10V 
needed 
to generate 
the 
RS-232 
output 
levels. The MAX231 and MAX239, designed 
to 
operate 
from 
+5V and +12V, contain 
a +12V to -12V 
charge 
pump 
voltage 
converter. 


Since 
nearly 
all RS-232 
applications 
need both 
line 
drivers arid receivers, 
the family 
includes 
both receiv- 
ers and drivers 
in one package. 
The wide variety 
of 
RS-232 
applications 
require 
differing 
numbers 
of 
drivers 
and receivers. 
Maxim 
offers 
a wide selection 
of 
RS-232 
driver/receiver 
combinations 
in order 
to 
minimize 
the package 
count 
(see table 
below). 


Both the receivers 
and the line drivers 
(transmitters) 
meet all EIA RS-232C and CCITT 
V.28 specifications. 


~~I~JXI~~I 
+5VPowered 
RS·232 Drivers/Receivers 
____________ 
Featur.s 


• 
Operates from Single SV Power Supply 
(+SV and +12V - 
MAX231 and MAX239) 


• 
Meets All RS-232C and V.28 Specifications 


• 
Multiple Drivers and Receivers 


• 
Onboard DC-DC Converters 


• 
±9V Output Swing with +SV Supply 


• 
Low Power Shutdown - 
<1pA (typ) 


• 
3-State TTUCMOS 
Receiver Outputs 


• 
±30V Receiver Input Levels 


Computers 


Peripherals 


Modems 


Printers 


Instruments 


Part 
No. of 
No. of 
External 
Low Power 
Shutdown 
Number 
Power 
Supply 
Voltage 
RS-232 
RS-232 
Components 
ITTL 
3-State 
No. of Pins 
Drivers 
Receivers 


MAX230 
+5V 
5 
0 
4 capacitors 
Yes/No 
20 
MAX231 
+5V and 
+7.5V to 13.2V 
2 
2 
2 capacitors 
No/No 
14 
MAX232 
+5V 
2 
2 
4 capacitors 
No/No 
16 
MAX233 
+5V 
2 
2 
None 
No/No 
20 
MAX234 
+5V 
4 
0 
4 capacitors 
No/No 
16 
MAX235 
+5V 
5 
5 
None 
YeslYes 
24 
MAX236 
+5V 
4 
3 
4 capacitors 
Yes/Yes 
24 
MAX237 
+5V 
5 
3 
4 capacitors 
No/No 
24 
MAX238 
+5V 
4 
4 
4 capacitors 
No/No 
24 
MAX239 
+5V and 
+7.5V to 13.2V 
3 
5 
2 capacitors 
NolYes 
24 


MAX240 
+5V 
5 
5 
4 capacitors 
YeslYes 
44 
(Flatpak) 


MAX241 
+5V 
4 
5 
4 capacitors 
YeslYes 
28 


(Small 
Outline) 


+5VPowered 
RS·232 Drivers/Receivers 


ABSOLUTE MAXIMUM RATINGS 


Vye ..........••...••...•...................••• 
-o.3V to +6V 


V 
..•..••...••.......•...........•.... 
(Vee - 0.3V) to +lSV 


v' 
+0.3V to -lSV 


Input Voltages 
TIN 
-0.3 to (Vee + 0.3V) 
RIN 
±30V 
Output 
Voltages 
TOUT 
.................•......... 
(V· + 0.3V) to (V· - 0.3V) 
ROUT 
-o.3V to (Vee + 0.3V) 


Short 
Circuit 
Duration 
TOUT •.........................•............. 
continuous 


Power Dissipation 
CERDIP 
•..............................•..••..••. 
67SmW 


(derate 9.SmWrC 
above +70°C) 
Plastic 
DIP 
••...•...••........................... 
37SmW 


(derate 7mW/oC above +70°C) 
Small Outline 
(SO) 
37SmW 


(derate 7mW/oC above +70°C) 
Lead Temperature 
(soldering 
10 seconds) 
•.••..••..• 
+300° C 


Storage 
Temperature 
...........•.......•. 
-6SoC to +l60°C 


Stresses 
above 
those 
listed 
under 
"Absolute 
Maximum 
Ratings" 
may cause 
permanent 
damage 
to the device. 
These 
are stress fatings 
only, and functional 
operation 
of the device 
at these 
or any other 
conditions 
above 
those 
indicated 
in the operational 
sections 
of the specifications 
is not implied. 
Exposure 
to 


absolute maximum 
,ating conditions 
for extended periods may affect device reliability. 


ELECTRICAL CHARACTERISTICS 
(MAX232. 234, 236, 237, 238. 240, 241 Vee = sv ± 10%; MAX233. 23S Vee = sv ± S%; MAX231, 239 Vee = sv ± 10%. V· = 7.SV to 13.2V; 
T A = Operating 
Temperature 
Range. Figures 3-14, unless otherwise 
noted.) 


PARAMETER 
CONDITIONS 
MIN. 
TYp. 
MAX. 
UNITS 


Output 
Voltage Swing 
All Transmitter 
Outputs 
loaded 
±S 
±9 
V 
with 3kQ to Ground 


No load. TA = +2SoC 
S 
10 
Vee Power Supply Current 
mA 


MAX231. MAX239 
0.4 
1 


y+ Power Supply Current 
No load, 
I MAX231 
1.8 
S 
mA 
MAX231 and MAX239 only 
I MAX239 
S 
lS 


Shutdown 
Supply Current 
Figure 1. T A = +2SoC 
1 
10 
pA 


Input Logic Threshold 
Low 
TIN, EN, Shutdown 
0.8 
V 


TIN 
2.0 
Input Logic Threshold 
High 
V 
EN. Shutdown 
2.4 


Logic 
Pullup Current 
TIN = OV 
lS 
200 
pA 


RS-232 Input Voltage Operating 
Range 
-30 
+30 
V 


RS-232 Input Threshold 
Low 
Vcc = SV. TA = +2SoC 
0.8 
1.2 
V 


RS-232 Input Threshold 
High 
Vcc = SV. TA = +2SoC 
1.7 
2.4 
V 


RS-232 Input Hysteresis 
Vec = SV 
0.2 
O.S 
1.0 
V 


RS-232 Input Resistance 
TA = '2SoC. Vee = SV 
3 
S 
7 
kQ 


TTUCMOS 
Output Voltage Low 
lOUT = 1.6mA (MAX231-233, lOUT = 3.2mA) 
0.4 
V 


TTUCMOS 
Output Voltage High 
lOUT = -1.0mA 
3.S 
V 


TTUCMOS 
Output 
Leakage Current 
EN = Vee• OV ,.;; ROUT";; Vee 
O.OS 
±10 
pA 


Output 
Enable Time (Figure 2) 
MAX235. MAX236. MAX239. MAX240. 241 
400 
ns 


Output 
Disable Time (Figure 2) 
MAX235. MAX236. MAX239. MAX240. 241 
250 
ns 


Propagation 
Delay 
RS-232 to TTL 
O.S 
ps 


Instantaneous 
Slew Rate 
CL = 10pF, RL = 3-7kQ 
30 
VIps 
TA = +2SoC (Note 1) 


RL = 3kQ, CL = 2S00pF 
Transition 
Region Slew Rate 
Measured from +3V to -3V 
3 
VIps 


or -3V to +3V 


Output 
Resistance 
Vee = V· = V· = OV,VOUT= ±2V 
300 
Q 


RS-232 Output 
Short Circuit 
Current 
±10 
mA 


+5VPowered 
RS·232 Drivers/Receivers 
__________________ 
""pical Operating 
Characteristics 


500 
IIXll 
1500 
2IXll 
2500 


lOAO CAPACITANCE IP~ 


v· SUPPLY VOLTAGE 
vs. LOAD CURRENT 
(MAX230, 234-238, 
240, 241) 


All CAPU.7"f 


10 
15 
2lI 
25 
:II 
35 


v· 
OUTPUT 
CURRENT ImAl 


VCC 


Ao1AXIAo1 
CI- 
MAX230 


C2. 
MAX235 
V- 
MAX236 


C2- +5V 
MAX240 


400 
MAX241 


TIMkO 
T1 T 
TOUT 


T6 


OVDR 
{- 
5V 
DRIVE 


V- SUPPLY VOLTAGE 
vs. LOAD CURRENT 
(MAX230, 234-238, 
240, 241) 


AllCAPH7,J 


-5 
-10 
-15 
-2lI 
-25 
-:II 
-35 


V- 
OUTPUT 
CURRENT ImA) 


TRANSMITTER OUTPUT VOLTAGE 
vs. Vcc VOLTAGE 


CHARGE 
PUMP OUTPUT 
IMPEDANCE 
vs. Vcc 
(MAX230, 234-238, 
240, 241) 


3V 


EN 
--, 


INPUT 
~-l 
OUTPUT ENABLE TIME 


3.5V 


RECEIVER 
OUTPUT 
Cl = 150 pf 


3V 


~PU~ 


--=:L~,,~o.IV 


RECEIVER 
' 
OUTPUTS 
,) 
--Rl-=-I-kO· 
2.5V 


'----" 
VOl. + D.1V 


III 


20 Lead Small Outline 
also available. 


+5V INPUT 


7 
lOJ.lF 


CI+ 
Vcc 
• 
6.3V 


4.7~F 
10 
+5V TO +lOV 
V+ 
9 


~3V 
CI- 
IIIIl7AOE00U8lER 
11 
C2+ 
4.7.1'F 
+lOV TO-1OY 
V- 
13 
12 
IIIIl7AOEIHVERTER 
18V 
C2- 
lO.l'f 
~ 
18V 


TlIN 
TlOUT 


T21H 
T20UT 


TTL/CMOS 
T31H 
T30uT 
INPUTS 
RS·232 


OUTPUTS 


T41H 
20 
T40uT 


T51H 
18 
TBouT 


HC 
17 
SHUTOOWH 


20 
T40UT 
,. 
T5'H 


18 NC 


SHUTDOWN 


T50UT 


T4'H 


T3'N 
v- 


C2- 


+5V INPUT 


v+ 


C- 
VCC 
V- 
3 
GND 
+ 
C· 
14 
4.7"F 
V+ 


T20UT 
lIoUT 
18V 
C- 
+12V TO -12V 


R2'H 
RI'N 


VOLTASE CONVERTER 


V- 
3 


R20UT 
6 
RloUT 


12'N 
lI'H 


C2 
4.7"F 
¥ 
IBV 


ffi/CMOS{ 
INPUTS 
7 
T2" 


9 
RloUT 


TTL/CMOS{ 
OUTPUTS 
B 
R2 
T 


} 


RS-232 
OUTPUTS 
V+ 


VCC 
GND 


lIOUT 
RI'N 
RIOUT 


lI'H 
NC 


RI" 
10 


5kn 
} RS-232 
INPUTS 


R21H 5 


5kO 


+5VPowered 
RS·232 Drivers/Receivers 


'Ie,.. 
+5V INPUT 


~a 


6 
1OI'F 


CI+ 
Vcc 
+ 
B3V 


+ 
V+ 
B 
Clf) 
4.71'F 
9 
+BV TO +IOV 
B3V 
Ct- 
WLTAGE DDUBLER 


~ 


lD 
C2+ 
16 
T3uuT 
4.71'F 
+ 
+IOV TO -IOV 
12 
V- 


T40uT 
16V 
11 
C2- 
WLTAGE INVERTER 
::E IDI'F 
; 


T41N 
+ 
1BY 


T3tN 
TIOUT 
1 
v- 


11 C2- 


12," 
T20UT 
2 


TTL/CMDS 
RS-232 
INPUTS 
OUTPUTS 


13 
T30uT 
16 


16 Lead Small 
Outline 
also available. 
14 
T40UT 
15 


GND 


Figure 7. MA X234 Typical Operating Circuit 
-=- 


Tl," 
TloUT 


T2,. 
T20UT 


R31N 


R30UT 
m/CMDB 
T~" 
" 
T30uT 
R8-232 
INPUTS 
DUTPUTS 
T51N 


SHUTDOWN 
T4<. 
11 
T40UT 


EN 


T50. 
" 


11 
TSouT 
T5DUT 


R4JN 
RIOUT 
10 
Rl" 
R40uT 


T4JN 
R20UT 
R2" 
T31N 


R5DUT 
TTL/CMDS 
R30uT 
" 
•• 
R~. 
RS-232 
DUTPUTS 
INPUTS 
R51N 


R40uT 
11 
11 
R4<. 


Small 
Outline 
Not Available 
RSoUT 
•• 
" 
R50. 


EN 
" 
S"UToOWN 
BND 


Figure 8. MAX235 Typical Operating Circuit 


9-6 
NI..;'JXI..;'1iI'1 


T40uT 


R2'1 


R20UT 


SHUTDOWN 


EN 


Tl\jl 


T3'1 


R30uT 


R311 
v- 


C2- 


C2+ 


+5VPowered 


RS·232 Drivers/Receivers 


E 


10 
Cl+ 
~ 


4.7pF 


12 CI- 
••• 
13 C2+ 
+llWlII-1GW 
v- 
15 
~ 
.,'"'" 
•• 
Ct- 
"""" ...•... 
.'" 
0 
*'" 
• 
TlIM 
TlOUT 
~•• 


T211 
TlouT 
•••• 


mICM08 
R8-m 
-. 
IIPUTS 
11 
OUTPUTS 


n.1 
T30ur 


T•••• 
11 
•• 
T40ur 


!"u 
,. ) 


mICM08 
" 
IS 
R8-m 


OUTPUTS 
: 
R2l. 
IIPUTS 


17 
11 


1131. 


EI 
" 


n 
SMUTOOWI 
GIO, 


·5V IIPUT 


24 Lead Small Outline 
also available. 


T40uT 


R2'1 


R20UT 


T5$1 


20 
T50uT 


Tl\jl 


T3'1 


R30uT 


R3t1 
v- 
,. 
C2- 


13 C2+ 


t~ 


TIOUT 


T20UT 


\I 
T30uT 
R8-m 
OUTPUTS 


•• 
T40uT 


24 Lead Small Outline 
also available. 
1 


RIDOT 


mlCMOS 
R20UT 


OUTPUTS 


R30ur 


Rl,. 
] 


R2IM 
~:-:ls 


1131. 


RS-232 Drivers/Receivers 


'Ie 
+5V INPUT 
•• 
~ 
~ 


IQ 
.,'" 


Cl* 
I 
U'I 
IZ CI- 
a 
4.7 .••F 
13 
&2+ 


·IOVTO-UW 
v- 
16 
C") 
"' 
14 C2- 
VOI.TAlEIIlVEllT£R 
''''' 


~ 


::¥'" 


Th. 
TlDU' 
; 


T~. 
nDU' 
RlI-232 
TTLICMOS 
INPUTS 
OUTPUTS 


T30. 


IQ 
" 
T30JUT 


T4t. 
II 
T40UT 


RIDUT 
Rh. 


Cl- 
R2DU' 
R2,. 


TTLICMoS 
RlI-232 


OUTPUTS 
INPUTS 


R3oJu, 
22 
R3I. 
24 Lead Small Outline 
also available. 


R40u, 
R4t. 


Figure 11. MAX238 Typical Operating Circuit 


+5ViNPUT 
T.5V-l3.2'/ 
INPUT 
, 


Vet 
V* 


'i' . 


c· 


V- 
• 


+10¥TD-10¥ 
c- 


'IGU1lllEllvt:mR 


TIIN 
if 'I' 


T21N 


R20UT 
Tll111 
" 
'''" ] 
R21N 
_.[ 
" 
II 
RlI-232 


INPUTS 
T21M 
: 
OUTPUTS 
T20UT 


TloUT 
T30. 
" 
R31N 


R30uT 
RIDUT 
Rl11 


T3,N 


22 
R~. 
NC' 


R20UT 


EN 
TTL/CMoS 
R3oJu, 
R3I. 
RlI-232 


OUTPUTS 
INPUTS 


T30uT 


R40u, 
R4t. 
• NC • No eoonectlon 


24 Lead Small Outline 
RSou, 
R5I. 


also available. 


EN 
" 
GNo 
NC· 


Figure 12. MAX239 Typical Operating Circuit 


9-8 
NI~JXI~'" 
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.sv INPUT 
E 


~ 
~ 
<7,.f 
OJ 


'" 
f.) 
; 'II: 
a 


Tl'M 
Tloul 
• 
NC 
~ 
R2 OUT 
T2IM 
T20ul 


T2IM 
•• 
T1 1M 
TTUCMOS 
T31M 
T30UI 
Rs-232 
••••• 


RIOUT 
.NIAXI.NI 
INPUTS 
OUTPUTS 
~ 
RIIN 


GNO 
MAX240 
T41M 
T40uT 


Vee 


NC 
TS'M 
TSoUT 


NC 


NC 
RloUT 
11 


RI'M 


R20UT 
10 
R2'M 
UU++I+IIUUU 
··u>u~fj::-··· 


TTUCMOS 
R30uT 
R3'M 


RS-232 


OUTPUTS 
INPUTS 
44 Lead Plastic 
Flatpak 
Only 
R40UT 
•• 
R41M 


R50uT 
" 
R5tM 


EN 
•• 
SHUTDOWN 


Figure 
13_ MAX240 
TYpical Operating 
Circuit 


.5V 
INPUT 


T30UT 
I 
" 


Tl0UT 
2 
~ 


T20UT 
3 
<7,.f 
11 
'" 


R21H 
• 
~. 
IftF 


R20UT 
TlIM 
TlOUT 


T21H 
6 


TlIH 
7 
T2'M 
T20UT 


TTUCMOS 
RS-232 


Rl0UT 
8 
INPUTS 
T3ttI 
OUTPUTS 


T30uT 


RllN 
9 


T4tM 
" 
T40uT 
GNU 


Vee 
11 
RloUT 
RIIM 
1m 
Ct· 


V' 


R20UT 
R2'M 


Ct- 
TTUCMOS 
R30UT 
" 
R3'M 


RS-232 
OUTPUTS 
INPUTS 


R40uT 
" 
84tM 


28 Lead Wide Small Outline 
Only 
R50ur 
" 
R5tM 


EN 
" 
SHUTDOWN 


Figure 
14. MAX241 
TYpical Operating 
Circuit. 


/I;'I/J 
X I/1;'1 
9-9 
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______ 
Typical Applications 


Figures 
3 through 
14 show 
typical 
applications. 
The 


capacitor 
values are non-critical. 
Reducing 
the capa- 


citors 
C1 and 
C2 to 
1pF will 
slightly 
increase 
the 


impedance 
of the charge 
pump, 
lowering 
the RS-232 
driver 
output 
voltages 
by about 
100mV. Lower values 


of C3 and 
C4 increase 
the ripple 
on the V· and V- 


outputs. 


If the power supply 
input to the device has a very fast 


rate-of-rise 
(as would 
occur 
if a PCB 
were 
to 
be 


plugged 
into a card cage with power already 
on), use 


the simple 
RC filter shown 
in Figure 
15. This 
bypass 


network 
is not needed 
if the Vcc rate-of-rise 
is below 
1V1JiS. 


All 
receivers 
and 
drivers 
are inverting. 
The 
ENable 


control 
of the 
MAX235, 
MAX236, 
MAX239, 
MAX240 


and MAX241 enables the receiver TTUCMOS 
outputs 


when 
it is at a low level, and places the TTUCMOS 


outputs 
of the receivers 
into a high 
impedance 
state 


when 
it is a high 
level. 


When the Shutdown 
control 
of the MAX230, MAX235, 


MAX236, 
MAX240 
and 
MAX241 
is at a logic 
1 the 
charge 
pump 
is turned 
off, the receiver 
outputs 
are 
put into the high impedance 
state, V is pulled 
down 


to Vcc, V- is pulled 
up to ground, 
and the transmitter 
outputs 
are disabled. 
The 
supply 
current 
drops 
to 
less than 
10pA. 


_______ 
Detailed Description 


The following 
sections 
provide 
supplementary 
infor- 
mation 
for those 
designers 
with 
non-standard 
appli- 


cations 
and 
for 
those 
with 
interest 
in the 
internal 
operation 
of the devices. 


The 
devices 
consist 
of 3 sections: 
the transmitters, 
the receivers, 
and the charge 
pump 
DC-DC 
voltage 
converter. 


+5V to ±10V 


Dual Charge Pump Voltage Converter 


All but the MAX231 and MAX239 convert 
+5V to ±10V. 


This 
conversion 
is performed 
by two 
charge 
pump 


voltage 
converters. 
The 
first 
uses 
capacitor 
C1 
to 


double 
the +5V to +10V, storing 
the +10V on the V· 


output 
filter capacitor, 
C3. The second 
charge 
pump 


voltage converter 
uses capacitor 
C2 to invert the +10V 


to -10V, storing 
the -10V on the V- output 
filter capa- 


citor, C4. The equivalent 
circuit 
of the charge 
pump 


section 
is shown 
in Figure 
16. 


A small 
amount 
of power 
may 
be drawn 
from 
the 


+10V (V) 
and 
-10V 
(V-) outputs 
to 
power 
external 


circuitry. 
The typical 
characteristics 
graphs 
show the 


typical 
output 
voltage 
vs. load current 
characteristics. 


+5V 
~ 


IO••F. lev 


v- 
B C4~"=, 
.NIAXI.NI 
I J.. 


MAX232 


SNO 
I 
Vee 
SNO 
I 
I 
I 
s. I 
I 
I 
~ 
~ 
J 
I 
I 
I 
JUlf15~. 
~ 
I 


For applications 
needing 
only the +5V to ±10V charge 
pump voltage converter, 
the MAX680 is available. 


The 
capacitor 
values 
for 
C1 through 
C4 are 
non- 
critical. 
At the 
15kHz typical 
switching 
frequency 
of 
the voltage 
converter, 
a 1/LF capacitor 
has approxi- 
mately 
100 impedance, 
and replacing 
the 4.7/LF and 
10/LF capacitors 
shown 
in the 
typical 
applications 
with 
1/LF for 
C1 and 
C2 
will 
increase 
the 
output 
impedance 
of the 
V+ output 
by about 
100 and the 
output 
impedance 
of V- by about 
200. 
Lowering 
the 
value 
of C3 and 
C4 increases 
the 
ripple 
on the V+ 
and V- outputs. 
Where 
operation 
to the upper 
tem- 
perature 
limit 
is not 
required, 
or 
Vcc 
will 
not 
go 
below 
4.75V, C1 and C2 can be 1/LF,and C3 and C4 
can be 1/LF per output 
channel 
(1/LF if one transmitter 
is used, 5/LF if five transmitters 
are used). 


There 
are 
parasitic 
diodes 
which 
become 
forward 
biased if V' goes below Vex;or V- goes above ground. 
When 
in the 
shutdown 
mode 
(MAX230, 
MAX235, 
MAX236, 
MAX240 and MAX241 only), 
V' is internally 
connected 
to 
Vex; by 
a 
1kO 
pulldown, 
and 
V- 
is 
internally 
connected 
to ground 
via a 1kO pullup. 


The MAX233 
and 
MAX235 
contain 
all charge 
pump 
components, 
including 
the 
capacitors, 
and 
operate 
with NO external 
components. 


The 
MAX231 and MAX239 
include 
only 
the v+ to V- 
charge 
pump, and are intended 
for applications 
which 
have a +5V supply and either a +12V ± 10% supply or a 
7.5V to 13.2V battery voltage. When operating 
with v+ 
greater than 8.0V, both capacitors 
can be 1pF. 


Dri"er (Transmitter) Section 


The 
transmitters 
or 
line 
drivers 
are 
inverting 
level 
translators 
which 
convert 
the 
CMOS 
or TTL 
input 
levels to RS-232 or V.28 voltage 
levels. With +5V Vcc, 
the typical 
output 
voltage 
swing 
is ±9V when loaded 
with the nominal 
5kO input 
resistance 
of an RS-232 
receiver. The output 
swing 
is guaranteed 
to meet the 
R8-232JV.28 
specification 
of 
±5V 
minimum 
output 
swing 
under 
the worst 
case conditions 
of all trans- 
mitters 
driving 
the 
3kO 
minimum 
allowable 
load 
impedance, 
Vcc 
= 
4.5V, and 
maximum 
operating 
ambient 
temperature. 
The open circuit 
output 
voltage 
swing 
is from 
(V+ - 0.6V) to V-. 


The input 
thresholds 
are both CMOS 
and TTL com- 
patible, 
with 
a logic 
threshold 
of about 
25% of Vex;. 
The 
inputs 
of 
unused 
drivers 
sections 
can 
be left 
unconnected; 
an internal 
400kO input 
pullup 
resistor 
to Vex;will 
pull 
the 
inputs 
high, 
forcing 
the 
unused 
transmitter 
outputs 
low. The 
input 
pullup 
resistors 
source 
about 
12pA, and the driver 
inputs 
should 
be 
driven 
high 
or 
open 
circuited 
to 
minimize 
power 
supply 
current 
in the shutdown 
mode. 
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When 
in the low 
power 
shutdown 
mode, 
the driver 
=- 
outputs 
are turned off and their leakage current 
is less 
~ 
than 1pA with the driver output 
pulled to ground. 
The 
•• 
driver 
output 
leakage 
remains 
less than 
1pA, even if 
~ 
the transmitter 
output 
is backdriven 
between 
OV and 
Q 
(Vex; + 6V). 
Below 
-0.5V 
the 
transmitter 
is diode 
!IV 
clamped 
to ground 
with 
1kO series impedance. 
The 
~ 
transmitter 
is also 
zener 
clamped 
to approximately 
0 
Vex;+ 6V, with a series impedance 
of 1kO. As required 
by the RS232 and V.28, the slew rate is limited 
to less 
••.••••••• 
than 
30VlJJS. 
This 
limits 
the 
maximum 
usable 
baud 
!IV 
rate to 19,200 baud. 
•••• 


Rece/"erSection 
11- 


All but the MAX230 and MAX234 contain 
RS-232JV.28 
receivers. 
These 
receivers 
convert 
the ±5V to ±15V 
RS-232 signals 
to 5V TTUCMOS 
outputs. 
Since the 
RS-232C1V.28 
specifications 
define 
a voltage 
level 
greater 
than 
+3V as a 0, the receivers 
are inverting. 
Maxim has set the guaranteed 
input thresholds 
of the 
receivers to 0.8V minimum 
and 2.4V maximum, 
which 
are significantly 
tighter 
than the -3.0V minimum 
and 
+3.0V 
maximum 
required 
by the 
RS-232 
and 
V.28 
specifications. 
This 
allows 
the 
receivers 
to respond 
both to RS-232/V.28 
levels and TTL level inputs. 
The 
receivers 
are protected 
against 
input 
overvoltage 
up 
to ±30V. 


The 0.8V guaranteed 
lower threshold 
is important 
to 
ensure 
that the receivers 
will have a logic 
1 output 
if 
the 
receiver 
is not being 
driven 
because 
the equip- 
ment 
containing 
the 
line 
driver 
is 
turned 
off 
or 
disconnected, 
or if the connecting 
cable has an open 
circuit 
or short 
circuit. 
In other 
words, 
the 
receiver 
implements 
Type 1 interpretation 
of fault 
conditions 
(§7 of V.28, §2.5 of RS-232C). 
While 
a OV or even a 
-3V 
receiver 
threshold 
would 
be acceptable 
for the 
data 
lines, 
these 
lower 
thresholds 
would 
not 
give 
proper 
indication 
on the control 
lines such 
as DTR 
and DSR. The receivers, on the other hand, have a full 
0.8V noise 
margin 
for detecting 
the power-down 
or 
cable-disconnected 
states. 


The 
receivers 
have 
a hysteresis 
of 
approximately 
0.5\1, with a minimum 
guaranteed 
hysteresis 
of 200mY. 


This aids in obtaining 
clean output 
transitions, 
even 
with slow rise and fall time input signals with moderate 
amounts 
of noise and ringing. 
The propagation 
delays 
of the 
receivers 
are 350ns 
for 
negative-going 
input 
signals, 
and 
650ns 
for 
positive-going 
input 
signals 
~. 
(see Typical Characteristics 
graphs). 
~ 


The MAX239 
has a receiver 
3-state 
control 
line, and 
the 
MAX235, 
MAX236, 
MAX240 
and 
MAX241 
have 
both a receiver 
3-state 
control 
line and a low power 
shutdown 
control. 
The 
receiver 
TTUCMOS 
outputs 
are in a high 
impedance 
3-state 
mode whenever 
the 
3-state 
ENable 
line is high, 
and are also high 
impe- 
dance 
whenever 
the Shutdown 
control 
line is high. 


Review of EIA Standard 
RS·232·C and CCITT 
_ 
Recommendations V.28and V.24 


The most common 
serial interface 
between 
electronic 


equipment 
is the "RS232" 
interface. 
This serial inter- 


face has been found 
to be particularly 
useful for the 


interface 
between 
units 
made by different 
manufac- 


turers 
since the voltage 
levels are defined 
by the EIA 


Standard 
RS-232-C and CCITT 
Recommendation 
V.28. 


The RS-232 specification 
also contains 
signal 
circuit 
definitions 
and 
connector 
pin 
assignments, 
while 
CCITT 
circuit 
definitions 
are contained 
in a separate 
document 
Recommendation 
V.24. Originally 
intended 
to 
interface 
modems 
to 
computers 
and 
terminals, 
these 
standards 
have 
many 
signals 
which 
are 
not 
used for computer-te-computer 
or computer-to-peri- 
pheral 
communication. 


Serial 
interfaces 
can be used with a variety 
of trans- 
mission 
formats. 
The 
most 
popular 
by 
far 
is the 
asynchronous 
format, generally 
at one of the standard 
baud 
rates 
of 
300, 
600, 
1200, etc. 
The 
maximum 
recommended 
baud rate for RS-232 and V.28 is 20,000 
baud, 
and the fastest 
commonly 
used 
baud 
rate is 


19,200 baud. Asynchronous 
serial links use a variety 
of combinations 
of the number 
of data bits, what type 


(if any) of parity 
bit, and the number 
of stop 
bits. A 


typical 
combination 
is 7 data bits, even parity, and 1 
stop bit. 


RS232N.28 
physical 
links are also suitable 
for synch- 


ronous 
transmission 
protocols. 
These 
higher 
level 
protocols 
often 
use 
the 
standard 
RS-232CN.28 


voltage 
levels. 
Note 
that 
one 
type 
of physical 
link 


(such as RS-232N.28 
voltage 
levels) can be used for 


a variety of higher level protocols. 
Table 2 summarizes 


the 
voltage 
levels 
and 
other 
requirements 
of 
V.28 
and RS-232. 


ComperlllOnof RS·232C/V.28 
with other Stendard. 


The other two most common 
serial interface 
specifica- 


tions 
are the 
EIA RS423 and 
RS422/RS485 
(CCITT 
recommendations 
V.10 and 
V.11). While 
the 
RS-232 
or V.28N.24 
interface 
is the most common 
interface 


for 
communication 
between 
equipment 
made 
by 
different 
manufacturers, 
the RS423N.10 interface 
and 
RS422N.11 
interfaces 
can 
operate 
at 
higher 
baud 
rates. 
In addition, 
the RS485 interface 
can 
be used 
for low cost local area networks. 


The 
RS423 
and 
V.10 interfaces 
are 
unbalanced 
or 


"single-ended" 
interfaces 
which 
use 
a 
differential 


receiver. This standard 
is intended 
for data signaling 
rates up to 100 kbiVs 
(100 kilobaud). 
It achieves 
this 
higher 
baud rate through 
more precise 
requirements 


on the waveshape 
of the transmitters 
and through 
the 


use of differential 
receivers to compensate 
for ground 


potential 
variations 
b~ween 
t~e ~ra.nsr:nitting ~n.d re- 


ceiving 
equipment. 
With certain 
limitations, 
thiS .In~er- 


face is compatible 
with 
RS-232 and V.28. The limita- 


tions are: 


1) less than 20,000 baud rate, 


2) maximum 
cable 
lengths 
determined 
by 
RS-232 


performance, 


3) RS423N.10 DTE and DCE signal return 
paths must 


be connected 
to the the RS232N.28 
signal ground, 


4) the 
RS-232 
transmitter 
output 
voltages 
must 
be 


limited 
to ±12V, or additional 
protection 
must 
be 


provided 
for the RS423N.10 receivers, 
and 


5) not 
all 
RS232N.28 
receivers 
will 
show 
proper 


power-off 
detection 
of V.10transmitter 
outputs. 


Maxim's 
MAX230 and MAX232-MAX238, 
MAX240 and 


MAX241 
meet 
restrictions 
4 and 
5 over 
the 
entire 


range 
of 
recommended 
operating 
conditions. 
The 


MAX231 
and 
MAX239 
meet 
restrictions 
4 
and 
5 


provided 
that the V+ voltage 
is 12.5V or less. 


The RS422, RS485, and V.11 interfaces 
are balanced 


double-current 
interchanges 
suitable 
for 
baud 
rates 


up to 10 MbiVs. 
These interfaces 
are not compatible 


with RS-232 or V.28 voltage 
levels. 


________ 
Applieation 
Hints 


Operation at High Baud Rate. 


V.28 states that 
"the 
time 
required 
for the signal 
to 


pass through 
the transition 
region during 
a change 
in 


state shall not exceed 
1 millisecond 
or 3 percent 
of 


the nominal 
element 
period 
on the 
interchange 
cir- 


cuit, whichever 
is less." RS-232C allows the transition 


time 
to 
be 4 percent 
of 
the 
duration 
of 
a signal 


element. At 19,200 baud, the "nominal 
element 
period" 


is approximately 
50ps, 
of which 
3 percent 
is 1.5JJS. 


Since 
the transition 
region 
is from 
-3V 
to +3V, this 


means the V.28 slew rate would 
ideally 
be faster than 


6V11.5JJS = 4V1JJS at 19.2 kbaud and 2V1ps 
at 9600 baud. 


The RS-232 requirement 
is equivalent 
to 3V1ps 
at 19.2 


kbaud, 
1.5V1ps 
at 9600 baud, etc. The slew rate of the 


MAX230 
series devices 
is about 
3V1JJS with the maxi- 


mum 
recommended 
load of 2500pF. In practice, 
the 


effect of less than optimum 
slew rate is a distortion 
of 


the recovered 
data, where 
the 1's and O's no longer 


have equal width. 
This distortion 
generally 
has negli- 


gible 
effect 
and the devices 
can be reliably 
used for 


19.2 kbaud 
serial links when the cable capacitance 
is 


kept below 
2500pF. With very low capacitance 
load- 


ing, 
the 
MAX230 
and 
MAX234-239, 
MAX~40 
and 


MAX241 
may even be used at 38.4 kbaud, 
since the 


typical 
slew rate is 5V1JJS when 
loaded 
with 50l?pF in 


parallel 
with 
5kO. 
Under 
no 
circumstance 
Will the 


+5Vl 
t21ln =: 


of+9V 


I 
-9V 
II~j5V 


INVERTED 
m 
SIGNALL 


TTl 
INPUTS- 


o 
::: r-----:: 
RS-232 


~ 
OUTPUT 


slew rate exceed 
the RS-232/V.28 
maximum 
spec of 
30VljJS and, unlike 
the 1488 driver, 
no external 
com- 
pensation 
capacitors 
are needed under any load con- 
dition. 
Driving Long Ceble. 


The 
RS-232 
standard 
states 
that 
"The 
use of short 
cables 
(each 
less than 
approximately 
50 feet or 15 
meters) 
is recommended; 
however, 
longer 
cables are 
permissible, 
provided 
that the 
load capacitance 
... 
does not exceed 2500pF." 


Baud 
rate and 
cable 
length 
can 
be traded 
off: 
use 
lower 
baud 
rates for long cables, 
use short 
cables 
if 
high baud rates are desired. 
For both long cables and 
high baud rates, use RS4221V.11.The maximum 
cable 
length 
for a given baud rate is determined 
by several 
factors, 
including 
the capacitance 
per meter of cable, 
the 
slew 
rate 
of 
the 
driver 
under 
high 
capacitive 
loading, 
the 
receiver 
threshold 
and 
hysteresis, 
and 
the acceptable 
bit error 
rate. The receivers 
have 0.5V 
of hysteresis, 
and the drivers 
are designed 
such that 
the slew rate reduction 
caused 
by capacitive 
loading 
is minimized 
(see Typical 
Characteristics). 
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Non-Inverting Driver. end Receiver. 


Occasionally 
a non-inverting 
driver 
or 
receiver 
is 
needed 
instead 
of the inverting 
drivers 
and receivers 
of the family. 
Simply 
use one 
of the 
receivers 
as a 
TTUCMOS 
inverter 
to 
get 
the 
desired 
operation 
(Figure 
17). If the 
logic 
output 
driving 
the 
receiver 
input 
has less than 
1mA of output 
source 
capability, 
then add the 2.2kO pullup 
resistor. 


The receiver TTL outputs 
can directly 
drive the input 
of another 
receiver 
to form 
a non-inverting 
RS-232 
receiver. 


Protection for Short. to ±15V Supplle. 


All 
driver 
outputs 
except 
on the 
MAX231, 
MAX232 
and 
MAX233 
are protected 
against 
short 
circuits 
to 
±15V, which 
is the maximum 
allowable 
loaded output 
voltage 
of an RS-232/V.28 
transmitter. 
The 
MAX231, 


MAX232, and MAX233 can be protected 
against short 
circuits 
to ±15V 
power 
supplies 
by the addition 
of 
a series 
2200 
resistor 
in each 
output. 
This 
protec- 


tion is not needed to protect 
against 
short circuits 
to 
most 
RS-232 
transmitters 
such 
as the 
1488, since 
they 
have 
an 
internal 
short 
circuit 
current 
limit 
of 12mA. 


The power 
dissipation 
of the MAX230 
and MAX234- 
MAX239, 
MAX240 and MAX241 is about 200mW with 
all transmitters 
shorted 
to ±15V. 


IBO/eted RS-tl3tllnterfece8 


RS-232 
and 
V.28 specifications 
require 
a common 
ground 
connection 
between 
the two units communi- 
cating 
via the RS-2321V.28 interface. 
In some cases, 
there 
may 
be large 
differences 
in ground 
potential 
between 
the two units, 
and in other 
cases it may be 
desired 
to avoid 
ground 
loop 
currents 
by isolating 
the 
two 
grounds. 
In 
other 
cases, 
a computer 
or 
control 
system 
must be protected 
against 
accidental 
connection 
of the 
RS-2321V.28 signal 
lines 
to 
110/ 


220VAC 
power 
lines. 
Figure 
18 shows 
a circuit 
with 
this isolation. 
The power for the MAX233 is generated 
by a MAX635 
DC-DC 
converter. 
When 
the MAX635 
regulates 
point 
"f:l\' to -5V, the isolated 
output 
at point 
"B" 
will 
be semi-regulated 
to 
+5V. The 
two 
opto- 


couplers 
maintain 
isolation 
between 
the 
system 
ground 
and the RS-232 ground 
while transferring 
the 
data across the isolation 
barrier. While this circuit 
will 
not 
withstand 
110VAC between 
the 
RS-232 
ground 
and either the receiver or transmitter 
lines, the voltage 
difference 
between the two grounds 
is only limited 
by 
the 
optocoupler 
and 
DC-DC 
converter 
transformer 
breakdown 
ratings. 
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PART 
TEMP. 
RANGE 
PACKAGE 


MAX230 
0.3" Wide 


MAX230CPP 
O°C to +70°C 
20 Lead Plastic DIP 


MAX230CWP 
O°C to +70°C 
20 Lead Wide S.O. 


MAX230C/D 
O°C to +70°C 
Dice 


MAX230EPP 
-40°C 
to +85°C 
20 Lead Plastic DIP 


MAX230EWP 
-40° C to +85° C 
20 Lead Wide S.O. 


MAX230EJP 
-40°C 
to +85°C 
20 Lead CERDIP 


MAX230MJP 
-55°C 
to +125°C 
20 Lead CERDIP 


MAX231 
0.3" Wide 


MAX231CPD 
O°C to +70°C 
14 Lead Plastic DIP 


MAX231CWE 
O°C to +70°C 
16 Lead Wide S.O. 


MAX231C/D 
O°C to +70°C 
Dice 


MAX231EPD 
_40° C to +85° C 
14 Lead Plastic DIP 


MAX231 EWE 
_40° C to +85° C 
16 Lead Wide S.O. 


MAX231EJD 
-40° C to +85° C 
14 Lead CERDIP 


MAX231MJD 
-55°C 
to +125°C 
14 Lead CERDIP 


MAX232 
0.3" 
Wide 


MAX232CPE 
O°C to +70°C 
16 Lead Plastic DIP 


MAX232CWE 
O°C to +70°C 
16 Lead Wide S.O. 


MAX232C/D 
O°C to +70°C 
Dice 


MAX232EPE 
-40°C 
to +85°C 
16 Lead Plastic DIP 


MAX232EJE 
-40° C to +85° C 
16 Lead CERDIP 


MAX232EWE 
_40° C to +85° C 
16 Lead Wide S.O. 


MAX232MJE 
-55°C 
to +125°C 
16 Lead CERDIP 


MAX233 
0.3" 
Wide 


MAX233CPP 
O°C to +70°C 
20 Lead Plastic DIP 


MAX233EPP 
-40° C to +85° C 
20 Lead Plastic DIP 


MAX234 
0.3" 
Wide 


MAX234CPE 
O°C to +70°C 
16 Lead Plastic DIP 


MAX234CWE 
O°C to +70°C 
16 Lead Wide S.O. 


MAX234C/D 
O°C to +70°C 
Dice 


MAX234EPE 
-40° C to +85° C 
16 Lead Plastic DIP 


MAX234EWE 
-40°C 
to +85°C 
16 Lead Wide S.O. 


MAX234EJE 
-40° C to +85° C 
16 Lead CERDIP 


MAX234MJE 
-55°C 
to +125°C 
16 Lead CERDIP 


MAX235 
0.6" 
Wide 


MAX235CPG 
O°C to +70°C 
24 Lead Plastic DIP' 


MAX235EPG 
-40° C to +85° C 
24 Lead Plastic DIP' 


MAX235EDG 
-40°C 
to +85°C 
24 Lead Ceramic' 


MAX235MDG 
-55°C 
to +125°C 
24 Lead Ceramic' 


PART 
TEMP. 
RANGE 
PACKAGE 


MAX236 
0.3" 
Wide 


MAX236CNG 
O°C to +70°C 
24 Lead Plastic DIP 


MAX236CWG 
O°C to +70°C 
24 Lead Wide S.O. 


MAX236C/D 
O°C to +70°C 
Dice 


MAX236ENG 
-40°C 
to +85°C 
24 Lead Plastic DIP 


MAX236EWG 
-40°C 
to +85°C 
24 Lead Wide S.O. 


MAX236ERG 
-40° C to +85° C 
24 Lead CERDIP 


MAX236MRG 
-55°C 
to +125°C 
24 Lead CERDIP 


MAX237 
0.3" 
Wide 


MAX237CNG 
O°C to +70°C 
24 Lead Plastic DIP 


MAX237CWG 
O°C to +70°C 
24 Lead Wide S.O. 


MAX237C/D 
O°C to +70°C 
Dice 


MAX237ENG 
-40°C 
to +85°C 
24 Lead Plastic DIP 


MAX237EWG 
-40°C 
to +85°C 
24 Lead Wide S.O. 


MAX237ERG 
-40°C 
to +85°C 
24 Lead CERDIP 


MAX237MRG 
-55°C 
to +125°C 
24 Lead CERDIP 


MAX238 
0.3" 
Wide 


MAX238CNG 
O°C to +70°C 
24 Lead Plastic DIP 


MAX238CWG 
O°C to +70°C 
24 Lead Wide S.O. 


MAX238C/D 
O°C to +70°C 
Dice 


MAX238ENG 
-40°C 
to +85°C 
24 Lead Plastic DIP 


MAX238EWG 
-40° C to +85° C 
24 Lead Wide S.O. 


MAX238ERG 
-40°C 
to +85°C 
24 Lead CERDIP 


MAX238MRG 
-55°C 
to +125°C 
24 Lead CERDIP 


MAX239 
0.3" 
Wide 


MAX239CNG 
O°C to +70°C 
24 Lead Plastic DIP 


MAX239CWG 
O°C to +70°C 
24 Lead Wide S.O. 


MAX239C/D 
O°C to +70°C 
Dice 


MAX239ENG 
-40° C to +85° C 
24 Lead Plastic DIP 


MAX239EWG 
-40°C 
to +85°C 
24 Lead Wide S.O. 


MAX239ERG 
-40°C 
to +85°C 
24 Lead CERDIP 


MAX239MRG 
-55°C 
to +125°C 
24 Lead CERDIP 


MAX240 
Flatpak 


MAX240CMH 
O°C to +70°C 
44 Lead Flatpak 


MAX240EMH 
-40°C 
to +85°C 
44 Lead Flatpak 


MAX241 
0.3" 
Wide 


MAX241CWI 
O°C to +70°C 
28 Lead Wide S.O. 


MAX241EWI 
-40° C to +85° C 
28 Lead Wide S.O. 


RS·232 Drivers/Receivers 


'Ie 
Table 1. Circuits 
Commonly 
Used for 
,.. 
RS-232C 
and V.24 Asynchronous 
Interfaces 


~ 
PIN 
CIRCUIT 
~ 
Protective Ground 
Connect to 
0 


Earth Ground 


C') 
2 
Transmit Data (TD) 
Data from DTE 


~ 


3 
Receive Data (RD) 
Data from DCE 


4 
Request To Send (RTS) 
Handshake from DTE 
; 


5 
Clear to Send (CTS) 
Handshake from DCE 


6 
Data Set ready (DSR) 
Handshake from DCE 


7 
Signal Ground 
Reference Point 
for Signals 


8 
Received Line 
Handshake from DCE 
Signal Detector 
(sometimes called 
Carrier Detect, DC D) 


11 
Printer Busy Signal 
Handshake from Printer 


20 
Data Terminal Ready 
Handshake from DTE 


22 
Ring Indicator 
Handshake from DCE 


Table 2. Summary 
of RS-232C 
and 
Y.28 Electrical 
Specifications 


PARAMETER 
SPECIFICATION 
COMMENTS 


Driver Output Voltage 
o level 
+5V to +15V 
With 3-7kO load 
1 level 
-5V to -15V 
With 3-7kO load 
Max. output 
±25V Max. 
No Load 


Receiver Input Thresholds 
(data and clock signals) 
o level 
+3V to +25V 
1 level 
-3V to -25V 


Receiver Thresholds 
RTS,DSR,DTR 
On level 
+3V to +25V 
Off level 
Open Circuit 
Detects Power 
or -3V to -25V 
Off Condition 
at Driver 


Receiver Input 
3kO to 7kO 
Resistance 


Driver Output Resistance, 


power off 
3000 Min. 
Your < ±2V 
condition 


Driver Slew Rate 
30Vll's 
Max. 
3kO < RL < 7kO; 
OpF< CL< 2500pF 


Signalling 
Rate 
Up to 20kbits/sec. 


50'/15 m. 
Longer cables 
Cable Length 
Recommended 
permissible, 
if 


Max. Length 
CLOAO,,; 2500pF 


SHUTDGWII 


Vcc GHD 110UT Rltl 
R20UT 
EN 


T21fi1 


T11fi1 
T50uT 


R10ur 
~, 


RIOUT 


Till 
V· 
R40uT 
T., 
T~N 
C,- 
R"", 
T~, 


RSoUT 


C,. 


TroUTR21N 
R~, 


0.120" 


13.lM8mml 


Notes: 
1. Shutdown 
pin 
of 
MAX234, 
MAX237, 
MAX238, 
MAX239, 


MAX240 and MAX241 are internally 
connected 
to ground. 


2. 
Connect 
substrate 
to V'. 


Switched 
Capacitor Filters 


MAX260 
MAX261 
MAX262 
MAX263 
MAX264 
MAX265 
MAX266 
MAX267 
MAX268 
MF10 


liP Programmable 
Universal 
Switch 
Capacitor 
Filter 
................•............... 


liP 
Programmable 
Universal 
Switch 
Capacitor 
Filter 
........................•....... 


liP Programmable 
Universal 
Switch 
Capacitor 
Filter 
. 


Pin Programmable 
Universal 
Filter 
. 


Pin Programmable 
Universal 
Filter 
. 


Resistor/Pin 
Programmed 
Universal 
Active 
Filter 
. 


Resistor/Pin 
Programmed 
Universal 
Active 
Filter 
. 


Pin Programmable 
Bandpass 
Filter 
. 
Pin Programmable 
Bandpass 
Filter 
. 


Dual Second 
Order 
Universal 
Switch 
Capacitor 
Filter 
. 


10-1 
10-1 
10-1 


10-25 
10-25 
10-47 
10-47 
10-25 
10-25 
10-49 


Switched Capacitor Filters 


Part 
Description 
Analog 
Frequency 
Features 
Page 
Number 
Range 
No. 


MAX260 
Universal 
Filter 
0.01 Hz to 7.5kHz 
Microprocessor 
Interface 
10-1 


MAX261 
Universal 
Filter 
0.40Hz to 57.0kHz 
Microprocessor 
Interface 
10-1 


MAX262 
Universal 
Filter 
1.0Hz to 140.0kHz 
Microprocessor 
Interface 
10-1 


MAX263 
Universal 
Filter 
O.4Hz to 57.0kHz 
Pin Strap Interface 
10-25 


MAX264 
Universal 
Filter 
1.0Hz to 140.0kHz 
Pin Strap Interface 
10-25 


MAX265 
Universal 
Filter 
0.4Hz to 57.0kHz 
Resistor and Pin Strap Interface 
10-47 


MAX266 
Universal 
Filter 
1.0Hz to 140.0kHz 
Resistor and Pin Strap Interface 
10-47 


MAX267 
Bandpass 
Filter 
0.4Hz to 57.0kHz 
Pin Strap Interface 
10-25 
MAX268 
Bandpass 
Filter 
1.0Hz to 140.0kHz 
Pin Strap Interface 
10-25 


MF10 
Universal 2nd Order 
0.1 Hz to 30.0kHz 
Resistor Programmed 
10-49 


Filter 


~~I~JXI~~I 


Microprocessor Programmable 


Universal Active Filters 


_______ 
General Description 


The MAX260/261/262 CMOS dual second-order 
universal 


switched-capacitor 
active filters allow microprocessor 


control 
of precise 
filter 
functions. 
No external 
com- 


ponents 
are required 
for a variety 
of bandpass, 
low- 
pass, highpass, 
notch and all pass configurations. 
Each 


device contains 
two second-order 
filter sections 
which 


place center 
frequency, 
Q, and filter 
operating 
mode 


under 
programmed 
control. 


An input 
clock, 
along 
with 
a 6-bit 
fa program 
input, 


determine 
the 
filter's 
center 
or 
corner 
frequency 


without 
affecting 
other 
filter 
parameters. 
The filter 
Q 


is also 
programmed 
independently. 
Separate 
clock 


inputs 
for 
each 
filter 
section 
operate 
with 
either 
a 


crystal, 
RC network, 
or external 
clock 
generator. 


The MAX260 has superior 
offset and DC specifications 


than the MAX261 and MAX262 and a center frequency 
(fol 
range 
of 
7.5kHz. 
The 
MAX261 
handles 
center 


frequencies 
to 30kHz 
while 
the MAX262 
extends 
the 


center 
frequency 
range to 75kHz by employing 
lower 


clock-to-fo 
ratios. 
All devices 
are available 
in 24-pin 


DIP and 
small 
outline 
packages 
in commercial, 
ex- 


tended, 
and military 
temperature 
ranges. 


p.P Tuned 
Filters 


Anti-Aliasing 
Filters 


Digital 
Signal 
Processing 


Adaptive 
Filters 


Signal 
Analysis 


Phase-Locked 
Loops 


-"'IoI'I-"'J X 1-"'101'1 


N1AXINI 
is a registered 
trademark 
of Maxim 
Integrated 
Products. 


• 
Filter 
Design 
Software 
Available 


• 
Microprocessor 
Interface 


• 
64-Step 
Center 
Frequency 
Control 


• 
128-Step 
Q Control 


• 
Independent 
Q and fo Programming 


• 
Guaranteed 
Clock 
to 10 RatI0-1% 
(A grade) 


• 
75kHz 10 Range (MAX262) 


• 
Single 
+5V and ±5V 
Operation 
______ 
Ordering Information 


PART 
TEMP. RANGE 
PACKAGE· 
ACCURACY 


MAX260ACNG 
O·C to +70·C 
Plastic 
DIP 
1% 


MAX260BCNG 
O·C to +70·C 
Plastic DIP 
2% 


MAX260AENG 
-40·C 
to +85·C 
Plastic 
DIP 
1% 


MAX260BENG 
-40·C 
to +85·C 
Plastic 
DIP 
2% 


MAX260ACWG 
O·C to +70·C 
Wide SO 
1% 


MAX260BCWG 
O·C to +70·C 
Wide SO 
2% 


MAX260AMRG 
-55·C 
to +125·C 
CERDIP 
1% 


MAX260BMRG 
-55·C 
to +125·C 
CERDIP 
2% 


MAX261 ACNG 
O·C to +70·C 
Plastic 
DIP 
1% 


• All devices-24-pin 
packages 0.3"' wide packages 


Ordering Information Continued on Last Page 


Universal Active Filters 


ABSOLUTE 
MAXIMUM 
RATINGS 


Total 
Supply 
Voltage 
(V· to V") 
15V 
Input 
Voltage, 
any 
pin 
V--0.3V 
to V·+0.3V 
Input 
Current, 
any 
pin 
±50mA 
Power 
Dissipation 
Plastic 
DIP 
(derate 
8.33mW/oC 
above 
70°C) 
660mW 
CERDIP 
(derate 
12.5mW/oC 
above 
70°C) 
1000mW 
Wide 
SO (derate 
11.8mW/oC 
above 
70°C) 
944mW 


Operating 
Temperature 
MAX26012611262XCXG 
0° C to +70° C 


MAX260/2611262XEXG 
-40°C 
to +85°C 


MAX260/2611262XMXG 
-55°C 
to +125°C 


Storage 
Temperature 
-65°C 
to +160·C 


Lead 
Temperature 
(Soldering, 
10 seconds) 
+300·C 


Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions above those indicated in the operational sections of the specification is not 
implied. Exposure to absolute Maximum ratings conditions for extended periods may affect the device reliability. 


ELECTRICAL 
CHARACTERISTICS 


(V· = +5V, V" = -5V. CLKA = CLKs = ± 5V 350kHz for the MAX260 and 1.5MHz for the MAX261162. fcLK/fo = 199.49 for MAX260/61 
and 


139.80 for MAX262, 
Filter 
Mode 
1. TA = +25°C 
unless 
otherwise 
noted.) 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


fo Center 
Frequency 
Range 
See Table 
1 


Maximum 
Clock 
Frequency 
See Table 1 


fcLK/fo Ratio 
Error 
(Note 
1) 
TA = TMIN to TMAX 
MAX260A 
±0.2 
±1.0 
MAX260B 
±0.2 
±2.0 
% 
MAX261162A 
±0.2 
±1.0 
MAX261162B 
±0.2 
±2.0 


fo Temperature 
Coefficient 
-5 
ppm/·C 


a Accuracy 
(deviation 
from 
TA = TMIN to TMAX 


ideal 
continuous 
filter) 
a = 0.5 to 16 
MAX260A 
±1 
±5 
(Note 
2) 
a = 0.5 to 16 
MAX260B 
±1 
±10 
a = 32 
MAX260A 
±2 
±10 
a = 32 
MAX260B 
±2 
±15 
a = 64 
MAX260A 
±4 
±15 
a = 64 
MAX260B 
±4 
±22 
% 
a = 0.5 to 16 
MAX261/62A 
±1 
±5 
a = 0.5 to 16 
MAX261162B 
±1 
±10 
a = 32 
MAX261/62A 
±2 
±10 
a = 32 
MAX261/62B 
±2 
±15 
a = 64 
MAX261162A 
±4 
±15 
a = 64 
MAX261162B 
±4 
±22 
a Temperature 
Coefficient 
±20 
ppm/·C 


DC Lowpass 
Gain 
Accuracy 
MAX260A 
±0.1 
±0.2 
MAX260B 
±0.1 
±0.3 
dB 
MAX261162A 
±0.1 
±0.25 
MAX261162B 
±0.1 
±0.5 


Gain 
Temperature 
Coefficient 
Low pass (at D.C.) 
MAX260 
-5 
MAX261162 
-5 
ppml"C 


Bandpass 
(at fo) 
MAX260/61162 
+20 


Offset 
Voltage 
At Filter 
TA = T"uN to TMAx• a = 4 
Outputs-LP, 
BP, HP 
Mode 
1 
MAX260A 
±0.05 
±0.25 
(Note 
3) 
MAX260B 
±0.15 
±0.45 
MAX261A 
±0.40 
±0.90 
MAX261B 
±0.80 
±1.60 
MAX262A 
±0.40 
±0.90 
MAX262B 
±0.80 
±1.60 


Mode 
3 


V 


MAX260A 
±0.075 
±0.30 
MAX260B 
±0.075 
±0.50 
MAX261A 
±0.50 
±1.oo 
MAX261B 
±0.90 
±1.60 
MAX262A 
±0.50 
±1.oo 
MAX262B 
±0.90 
±1.60 


Offset 
Voltage 
Temperature 
!fLK!f~ = 100.53, a = 4 
±0.75 
mVloC 
Coefficient 
A - 
MIN to TMAX 


Microprocessor Programmable 
Universal Active Filters 


ELECTRICAL 
CHARACTERISTICS 
(Continued) 
=- 


(V' = +5V, v- = -5V, CLKA = CLKB = ± 5V 350kHz for the MAX260 and 1.5MHz for the MAX261/62, 
fcLK/fo = 199.49 for MAX260/61 
and 
~ 
139.80 for 
MAX262, 
Filter 
Mode 
1, TA = +25°C 
unless 
otherwise 
noted.) 
•• 


~Q)a 


~Q) 
•••• 


~:: 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Clock 
Feedthrough 
±4 
mV 


Crosstalk 
-70 
dB 


Wide band 
Noise 
(Note 
4) 
Q = 1, 2nd-Order, 
LP/BP 
See Typ. 
Oper. Char. 


4th-Order 
LP (Fig. 26) 
90 
/lVRMS 


4th-Order 
BP (Fig. 24) 
100 


Harmonic 
Distortion 
at fo 
Q = 4, V1N= 1.5Vpp 
-57 
dB 


Supply 
Voltage 
Range 
TA = TM1Nto TMAX 
±2.37 
±5 
±6.3 
V 


Power 
Supply 
Current 
TA = TM1Nto TMAX 
I MAX260 
15 
20 


(Note 
5) 
CMOS 
Level 
Logic 
Inputs 
MAX261 
16 
20 
mA 


MAX262 
16 
20 


Shutdown 
Supply 
Current 
QOA-Q6A = all 0, 
1.5 
mA 
CMOS 
Level 
Logic 
Inputs 
(Note 
5) 


INTERNAL 
AMPLIFIERS 


Output 
Signal 
Swing 
(Note 
6) 
TA = TM1Nto TMAX' 10kO load 
±4.75 
V 


Output 
Short 
Circuit 
Current 
Source 
50 
mA 
Sink 
2 


Power 
Supply 
Rejection 
Ratio 
OHz to 10kHz 
-70 
dB 


Gain 
Bandwidth 
Product 
2.5 
MHz 


Slew 
Rate 
6 
V/JlS 


ELECTRICAL 
CHARACTERISTICS 
(for V± = ±2.5V ±5%) 


V' 
= +2.37V, v· = -2.37V, 
CLKA 
= CLKB 
= ±2.5V 
250kHz 
for 
the 
MAX260 
and 
1MHz 
for the 
MAX261162, 
fcLK/fo = 199.49 for 
MAX260/61 
and 
139.80 for MAX262, 
Filter 
Mode 
1, TA = +25°C 
unless 
otherwise 
noted. 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


fo Center 
Frequency 
Range 
(Note 
7) 


Maximum 
Clock 
Frequency 
(Note 
7) 


f~K/fo 
Ratio 
Error 
Q=8 
MAX26XA 
±0.1 
1 
% 
( 
otes 
1, 8) 
MAX26XB 
±0.1 
2 


Q Accuracy 
(deviation 
from 
Q=8 


ideal continuous 
filter) 
fcLK/fo = 199.49 
MAX260A 
±2 
±5 
(Notes 
2,8) 
MAX260B 
±2 
±10 


fcLK/fo = 199.49 
MAX261A 
±2 
±5 
% 


MAX261B 
±2 
±10 


fcLK/fo = 139.80 
MAX262A 
±2 
±5 


MAX262B 
±2 
±10 


Output 
Signal 
Swing 
All Outputs 
(Note 
6) 
±2 
V 


Power 
Supply 
Current 
CMOS 
Level 
Logic 
Inputs 
(Note 
5) 
7 
mA 


Shutdown 
Current 
CMOS 
Level 
Logic 
Inputs 
(Note 
5) 
0.35 
mA 


f~LK/fo accuracy 
is tested at 100.53, 103.67, 106.81, 113.1, 125.66, 150.8, and 199.49 on the MAX260/61, 
and at 40.84, 43.98, 


47.12, 53.41, 65.97, 91.11, and 139.8 on the MAX262. 
a accuracy 
tested 
at a = 0.5, 1, 2, 4, 8, 16, 32, and 64. Q of 32 and 64 tested 
at 1/2 stated 
clock 
frequency. 


The Offset 
Voltage 
is specified 
for the entire 
filter. Offset 
is virtually 
independent 
of Q and fcLK/fo ratio selting. 
The test 
clock 
frequency 
for Mode 
3 is 175kHz for the MAX260 
and 750kHz 
for the MAX261/262. 
Output 
noise 
is measured 
with 
an RC output 
smoothing 
filter 
at 4 x fo to remove 
clock 
feedthrough. 


TTL 
logic 
levels are: HIGH 
= 2.4V, LOW = 0.8V. CMOS 
logic 
levels are: HIGH 
= 5V, LOW = OV. Power 
supply 
current 
is 
typically 
4mA 
higher 
with 
TTL 
logic 
and clock 
input 
levels. 


On the MAX260 
only, 
the HP output 
signal 
swing 
is typically 
0.75V less than the 
LP or BP outputs. 


At ±2.5V 
supplies, 
the fo range 
and maximum 
clock 
frequency 
are typically 
75% of values 
listed 
in Table 
1. 


fCLK/fo and Q accuracy 
are a function 
of the accuracy 
of internal 
capacitor 
ratios. 
No increase 
in error 
is expected 
at 


±2.5V 
as compared 
to ±5V however 
these parameters 
are only tested to the extent 
indicated 
by the MIN or MAX limits. 


Nole 
2: 
Nole 
3: 


Nole 
4: 


Note 
5: 


Note 
6: 


Note 
7: 
Note 
8: 


Microprocessor Programmable 
Universal Active Filters 


INTERFACE SPECIFICATIONS 
(Note 9) 


(V· = +5V, v· = -5V, TA = +25°C 
unless 
otherwise 
noted.) 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


WR Pulse Width 
tWR 
250 
150 
ns 


Address 
Setup 
tAS 
25 
ns 


Address 
Hold 
tAH 
0 
ns 


Oata Setup 
tos 
100 
50 
ns 


Oata Hold 
tOH 
10 
0 
ns 


Logic 
Input 
High 
V1H 
WR, 0D-01, 
AD-A3, CLKA, CLKa 
2.4 
V 
TA = TM1Nto TMAX 


Logic 
Input 
Low 
V,L 


WR, 0D-01, 
AD-A3, CLKA, CLKa 
0.8 
V 
TA = T MINto TMAX 


WR, 0D-01, 
AD-A3, CLKa 
10 
Input 
Leakage 
Current 
IIN 
CLKA 
6 
60 
IlA 


TA = TMIN to T MAX 


Input 
Capacitance 
CIN 
WR, 00-01, 
AD-A3, CLKA, CLKa 
15 
pF 


MAX260 
MAX261/2 
PIN # 
PIN # 
NAME 
FUNCTION 


9 
9 
V· 
Positive 
supply 
voltage 


17 
16 
V- 
Negative 
supply 
voltage 


18 
17 
GNO 
Analog 
Ground. 
Connect 
to the 
system 
ground 
for 
dual 
supply 
operation 
or 
mid-supply 
for single 
sup- 


ply operation. 
GNO should 
be well bypassed 
in single 
supply 
applications. 


11 
11 
CLKA 
Input 
to the oscillator 
and 
clock 
input 
to 
section 
A. 


This clock 
is internally 
di- 
vided 
by 2. 


12 
12 
CLKa 
Clock 
input to filter B. This 
clock 
is internally 
divided 
by 2. 


8 
8 
CLK OUT 
Clock 
Output 
for 
crystal 
and 
R-C 
oscillator 
oper- 


. ation 


19 
18 
OSC OUT 
Connects 
to crystal or R-C 


for self clocked 
operation 


MAX260 
MAX261/2 
PIN # 
PIN # 
NAME 
FUNCTION 


5,23 
5,23 
INA,lNa 
Filter 
inputs 


1,21 
1,21 
BPA,BPa 
Bandpass 
outputs 


24,22 
24,22 
LPA,LPa 
Lowpass 
outputs 


3,14 
3,20 
HPA,HPa 
H ig h passiN 
otch/AII 
pass 


outputs 


16 
15 
WR 
Write Enable 
input 


15,13, 
14,13, 
AO,A1 
Address 
inputs 
for fo and 


10,7 
10,7 
A2,A3 
Q input 
data locations 


20,6 
19,6 
00,01 
Oata 
inputs 
for 
fo and 
Q 


programming 


2 
OP OUT 
Output of uncommitted 
op- 


amp 
on 
MAX261/62 
only. 


Pin 2 is a no-connect 
on 


the MAX260 


4 
OPIN 
Inverting 
input 
of uncom- 


mitted op-amp on MAX26l1 
62 only 
(Non-inverting 
in- 


put is internally 
connected 


to ground). 
Pin 4 is a no- 


connect 
on the MAX260. 


Microprocessor Programmable 
Universal Active Filters 


----------- 
'1Ypicsl Operating Characteristics 


Q ERROR 
vs CLOCK 
FREQUENCY 
MAX260 


Q ERROR 
vs CLOCK 
FREQUENCY 
MAX261/2 


20 


16 
!.. 


12 
II:0 
II: 
8 
II: 
W 
0 
4 


0 


-4 


±5V 
I 
I 


1 
0=8 
MODE 3 
TA = 25°C 
!ld.K-N=O 
10 


MODE 2 


~ 
~ - 
MODE 14 


1 


100 vs POWER SUPPLY 
VOLTAGE 


C!. 
15 


Q 
E 


FCLK/Fo 
ERROR 
vs CLOCK 
FREQUENCY 
MAX261/2 


0.2 


0.0 


~ 
-0.2 
II: 
~ 
-0.4 
II:wo -0.6 
!!: 
:s -0.8 
.t' 


A 
MODE 2. 3 
I 


JODb 
1. 


14 


±5V 
0=8 
TA = 25°C 
!ld.K-N=O 
10 
'\ 


'\ 


0=1 
0=8 
0=64 
Mode 
LP 
BP 
HP/AP/N 
LP 
BP 
HP/AP/N 
LP 
BP 
HP/AP/N 


~ 
1 
-84 
-90 
-84 
-80 
-82 
-85 
-72 
-73 
-85 
7;; 
2 
-88 
-90 
-88 
-84 
-82 
-84 
-77 
-73 
-76 
N 
~ 
3 
-84 
-90 
-88 
-80 
-82 
-82 
-73 
-73 
-74 
:. 
4 
-83 
-89 
-84 
-79 
-81 
-85 
-71 
-73 
-85 


! 


1 
-87 
-89 
-86 
-81 
-81 
-86 
-73 
-73 
-86 
2 
-89 
-88 
-85 
-83 
-80 
-82 
-75 
-72 
-74 


~ 
3 
-87 
-88 
-85 
-80 
-82 
-80 
-71 
-72 
-72 
:. 
4 
-87 
-88 
-86 
-81 
-80 
-86 
-71 
-72 
-86 


Notes: 
1. fClK = 1 MHz for MAX261/2. 
fClK = 350kHz 
for 
MAX260 


2. fClK/fo 
ratio 
programmed 
at N = 63 (see Table 
2) 


3. Clock 
feedthrough 
is removed 
with an RC lowpass 
at 4fo• i.e. A = 3.9kO. C = 2000pF for 


MAX261. 


18 
CLOCK(5V. OV) 


±5V 
I 
I 


<_-e 
17 CONTROLPINS(5V. OV) 
25°C 


OUTPUT 
SIGNAL 
SWING 
vs CLOCK 
FREQUENCY 


MAX261/2 ALL MODES 


MAX260 MOD~ 4 


±5V 
25°C 
0=8 
'''LK/'o 
- 
N = 0 


.lJ 1.1++ 


MjXj 
6i iOIE,S 
1' 


2t 


Noise Spectral 
Distribution 
(MAX261, fCLK = 1 MHz, dB ref. 
to 2.47VRMS• 
7Vp_p) 


Measurement 
0=1 0=8 0=64 
Bandwidth 


Wide band 
-84 
-80 
-72 


3 KHz 
-87 
-87 
-86 


C Message 
-93 
-93 
-93 
Weighted 


•••••••.• 
..,,.,. 
•••..•.••.•••.•.••••.•.••.• 
• 
••.••. 
=:/1 ••••••••••• 
-- 
•••. 


Universal Active Filters 


SAMPLE·HOLD 
I'-(MAX260 
ONLY 
s-H' _ 
N/HP/AP 
I 
' 
~ 


U 
FO-F5 
(TABLE 
2) 


width. The N/HP/AP outputs of tha MAX260 are inter- 
nally 
sample-and-held, 
as a result 
of its auto-zero 
operation. 
Signal 
swing 
at this output 
is somewhat 
reduced 
as a result 
(MAX260 only). 
See Table 1 for 
bandwidth 
comparisons 
of the three filters. 


Maxim also provides 
design 
programs 
which 
aid in 
converting 
filter 
response 
specifications 
into 
the fa 
and Q program 
codes 
used by the MAX260 series 
devices. This software also precompensates 
fa and Q 
when low sample rates are used. 


It is important 
to note that in all MAX260 series filters, 


the filter's 
internal 
sample 
rate is one half the input 
clock rate (CLKA or CLKB) 
due to an internal division 
by two. All clock 
related data, tables, and other dis- 


cussions 
in this data sheet refer to the frequency 
at 
the CLKA or CLKa input, i.e. twice the internal sample 
rate, unless specifically 
stated otherwise. 


Each 
MAX260/61/62 
contains 
two 
second-order 
switched-capacitor 
active filters. 
Figure 
1 shows the 
filter's 
state 
variable 
topology, 
employed 
with 
two 
cascaded integrators 
and one summing amplifier. The 
MAX261 and MAX262 also contain 
an uncommitted 
amplifier. 
On-chip 
switches 
and 
capacitors 
provide 
feedback 
to control 
each 
filter 
section's 
fa and 
Q. 


Internal capacitor 
ratios are primarily 
responsible 
for 
the 
accuracy 
of these 
parameters. 
Although 
these 
switched-capacitor 
networks (SCN) are in fact sampled 
systems, their 
behavior 
very closely 
matches that of 
continuous 
filters, such as RC active filters. The ratio 
of the clock 
frequency 
to the filter center frequency 
(fC~K/fo) is kept large so that ideal second-order 
state- 
vanable response is maintained. 


The MAX262 uses a lower range of sampling 
(fC~K/fo) 
ratios than the MAX260 or MAX261 to allow 
higher 
operating fa frequencies and signal bandwidths. 
These 
reduced sample rates result in somewhat 
more devia- 
tion from ideal continuous 
filter parameters than with 
the 
MAX260/61. 
However, 
these differences 
can be 
compensated 
using 
Figure 
20 
(See 
"Applications 
Hints") 
or Maxim's filter design software. 


The MAX260 employs auto-zero circuitry 
not included 
in the MAX261 or 262. This 
provides 
improved 
DC 
characteristics, 
and improved 
low frequency 
perform- 
ance at the expense of high end fa and signal 
band- 


1D-6 
_ 


___ 
Quick Look Design Procedure 


The 
MAX260, 
MAX261 and 
MAX262, 
with 
Maxim's 
filter 
design 
software, 
greatly 
simplifies 
the design 
procedures for many active filters. Most designs can be 
realized using a three step process described 
in this 
section. If the design software is not used, or if the filter 
complexity 
is beyond the scope of this section, refer to 
the remainder 
of this data sheet for 
more 
detailed 


applications 
and design information. 


Microprocessor Programmable 
Universal Active Filters 


100 
AB$-"FILTER 
A 
" 
: GOSUB 
150 
: REM 
GET 
DATA 
FOR 
SECTION 
A 
110 
AOD 
- 
0 
: GOSUB 
220 
: REM 
WRITE 
DATA 
TO TilE PRINTER 
PORT 
120 
AB$-"FILTER 
B " 
: GOSUB 
150 
: REM 
GET 
DATA 
FOR 
B 
130 
ADD 
- 
32 
: GOSUB 
220 
: REM 
WRITE 
DATA 
TO 
PRINTER 
PORT 
140 
GOTO 
100 
150 
PRINT 
"MODE 
(1 to 
4, see 
Table 
5) 
"; AB$; 
: INPUT 
M 
160 
IF M<l 
OR M>4 
THEN 
GOTO 
150 
170 
PRINT 
"CLOCK 
RATIO 
(0 to 
63, N of Table 
2) 
"; AB$; 
: INPUT 
F 
180 
IF F<O 
OR 
F>63 
THEN 
GOTO 
170 
190 
PRINT 
"Q 
(0 to 
127, 
N of Table 
3) "; AS$; 
: INPUT 
Q 
200 
IF Q<O 
OR Q>127 
TIIEN GOTO 
190 
ELSE 
: PRINT 
210 
RETURN 
220 
LPRINT 
CHR$(ADD+M-1); 
: ADD 
= ADD+4 
230 
FOR 
I ~ 
1 TO 
3 
240 
Xa(ADD 
+ 
(F - 4*INT(F/4))) 
: LPRINT 
CHR$(X); 
250 
FaINT(F/4) 
: ADD 
= ADD 
+ 4 
260 
NEXT 
I 
270 
FOR 
I - 
1 TO 
4 
280 
Xa(ADD 
+ 
(Q - 4*INT(Q/4))) 
LPRINT 
CHR$(X); 
290 
Q-LN~(Q/4) 
:: ADD 
= ADD 
+ 4 
JOO 
NEXT 
I 
J10 
RETURN 


5 
WR 
16(15) 
1 
IN 
INA 
2 
24 
LPA 
DO 
20(19) 
3 
4 
3 
6 
5 
HPA 
01 
6 


AO 
15(14) 
7 
BPA N1AXINI 


23 
MAX260 
13 
INB 
MAX261' 


A1 


22 
MAX262' 
10 
11 
J~~ 


LPB 
A2 
12 
OB-25 
MALE 
PLUG 
7 
(BACK 
VIEW) 
HPB 
A3 


11 
BPB 
CLKA 


12 
OUT 


CLKIN 
":" 


--fl.f1.- 
TTL 


(SEE FIGURE 
4) 


• PIN NUMBERS 
IN ( 
) ARE 
FOR MAX261/262 


Step 1-Filter 
Design 


Start 
with 
the program 
"PZ" 
to determine 
what type 
of 
filter 
is needed. 
This 
helps 
determine 
the 
type 
(Butterworth, 
Chebyshev, 
etc.) 
and 
the 
number 
of 
poles for the optimum 
choice. 
The program 
also plots 


the frequency 
response 
and calculates 
the pole/zero 


((0) and a values for each second-order 
section. 
Each 
MAX260/61/62 
contains 
two 
second-order 
sections 
and devices 
may be cascaded 
for higher 
order filters. 


/.""I/JXI/.""I 


Step 2-Gene",teProgrammlng 
CoeHlc/enttl 


Starting 
with the fa and a values 
obtained 
in Step 1, 


use the program 
"MPP" to generate 
the digital 
coeffi- 


cients 
which 
program 
each" second-order 
section's 
fa 


and O. The program 
displays 
values for "N" ("N = _ 
for fa" and "N = _ 
for 0"). 
N is the decimal 
equivalent 


of the binary 
code that sets the filter section's 
fo or O. 


These 
are the same "N"s 
that 
are listed 
in Tables 2 
and 3. 


Microprocessor Programmable 
Universal Active Filters 


An input clock 
frequency 
and filter "Mode" 
must also 
be selected 
in this 
step, 
however 
if a specific 
clock 
rate is not selected, 
"GEN" 
will pick one. With regard 
to 
mode 
selection, 
Mode 
1 is the 
most 
convenient 
choice 
for most bandpass 
and lowpass 
filters. 
Excep- 
tions 
are elliptic 
bandpass 
and lowpass 
filters 
which 
require 
Mode 
3. Highpass 
filters 
also 
use Mode 
3, 
while allpass filters use Mode 4. For further 
information 
regarding 
these 
filter 
modes 
see 
"Filter 
Operating 
Modes" 
in this data sheet. 


Step 3-Loading 
the FlIter 


When the N values 
for the fa and Q of each second- 
order filter 
section 
are determined, 
the filter 
can then 
be programmed 
and operated. 
What follows 
is a con- 


venient 
method 
of programming 
the filter 
and evalu- 
ating 
a design 
if a personal 
computer 
is available. 


A short 
Basic 
program 
loads data into the MAX2601 
261/262 
via the 
personal 
computer's 
parallel 
printer 
port. The program 
asks for the filter 
Mode as well as 
the N values 
for the fa and Q of each section. 
These 
coefficients 
are then loaded 
into the filter 
in the form 
of ASCII 
characters. 
This program 
may be used with 
or without 
Maxim's 
other 
filter 
design 
software. 
The 
program 
and the appropriate 
hardware connections 
for 
a Centronics 
type printer 
port are shown 
in Figure 
2. 


______ 
Filter Design Software 


Maxim 
provides 
software 
programs 
to help speed the 
transition 
from 
frequency 
response 
design 
require- 
ments to working 
hardware. 
A series of programs 
are 
available, 
including: 


Program 
PZ. Given the requirements, 
such as center 
frequency, 
Q, passband 
ripple, and stopband 
attenua- 


tion, PZ will calculate 
the pole frequencies, 
Q's, zeros, 


and the number 
of stages 
needed. 


Program MPP. 
For programmed 
filters, MPP computes 
the 
input 
codes 
to use and 
describes 
the expected 
performance 
of the design. 


Program 
FR. When a design 
of one or more stages is 
completed, 
FR checks 
the final 
cascaded 
assembly. 


The 
output 
frequency 
response 
can 
be 
compared 
with 
that expected 
from 
PZ. 


Program 
PR.BAS 
Allows 
a MAX260/61162 
to be pro- 
grammed 
via a personal 
computer. 
The Mode, fa, and 
Q of each section 
are typed 
in, and the proper 
codes 
are sent to the filter via the computer's 
parallel 
printer 
port. 
This program 
is also provided 
in Figure 
2. 


Other design 
programs 
are also included 
for use with 
other 
Maxim 
filter 
products. 


______ 
Ofher Filter Products 


Maxim has developed 
a number of other filter products 


in addition 
to the MAX260, 
MAX261 and MAX262: 


PIN 
PROGRAMMABLE 
ACTIVE 
FILTERS-A 
dual 


second-order 
universal 
filter 
that 
needs 
no external 


components. 
A Microprocessor 
interface 
is not 
re- 


quired. 


MAX263 
O.4Hz to 30kHz 
fa range 
MAX264 
1Hz to 75kHz fa range 


RESISTOR 
AND PIN PROGRAMMABLE 
FILTERS-A 


dual second-order 
universal 
filter where fo adjustment 


beyond pin-programmable 
resolution 
emplOyS external 


resistors. 


MAX265 
O.4Hz to 
30kHz 
fa range. 
Includes 
two 


uncommitted 
op-amps. 


MAX266 
1Hz to 75kHz 
fa range. 
Includes 
two 
un- 


committed 
op-amps. 


MF10 
Industry 
Standard. 
Resistor 
Programmed 


Only 


PIN PROGRAMMABLE 
BANDPASS 
FILTERS-A 
dual 


second-order 
bandpass 
that 
needs no external 
com- 


ponents. 
A Microprocessor 
interface 
is not required. 


MAX267 
O.4Hz to 30kHz fa range 


MAX268 
1Hz to 75kHz fa range 


PROGRAMMABLE 
ANTI-ALIAS 
FILTER-A 
program- 


mable 
dual 
second-order 
continuous 
(not 
switched) 


lowpass 
filter. No clock 
noise is generated. 
Designed 


for 
use 
as an 
anti-alias 
filter 
in front 
of, 
or 
as a 


smoothing 
filter following, 
any sampled filter or system. 


MAX270 
1kHz to 25kHz 
Cutoff 
Frequency 
Range 


5th ORDER 
LOW PASS FILTER-Features 
zero offset 


and drift errors for designs requiring 
high DC accuracy. 


MAX280, LT1062 
O.1Hzto 20kHz Cutoff 
Frequency 


Range 


______ 
Detailed Description 


'0 and Q Programming 


Figure 3 shows a block diagram 
of the MAX260. 
Each 


2nd-order 
filter 
section 
has its own 
clock 
input 
and 


independent 
fa and Q control. 
The actual 
center 
fre- 


quency 
is a function 
of the filter's 
clock 
rate, 6-bit fa 


control 
word 
(see Table 2), and operating 
Mode. The 


Q of each section 
is also set by a separate 
program- 


med 
input 
(see Table 
3). This 
way 
each 
half 
of 
a 


MAX260/61/62 
is tuned independently 
so that complex 


filter 
polynomials 
can 
be realized. 
Equations 
which 


convert program 
code numbers to fC.LK/fOand Q values 


are listed 
in the notes 
beneath 
Tables 2 and 3. 


Microprocessor Programmable 


Universal Active Filters 


PART 
Q 
MODE 
'ClK 
'0 


MAX260 
1 
1 
1Hz-400kHz 
0.01 Hz-4.0kHz 


1 
2 
1Hz-425kHz 
0.01 Hz-6.0kHz 
1 
3 
1Hz-500kHz 
0.01 Hz-5.0kHz 


1 
4 
1Hz-400kHz 
0.01 Hz-4.0kHz 


8 
1 
1Hz-500kHz 
0.01 Hz-5.0kHz 
8 
2 
1Hz-700kHz 
0.01 Hz-10.0kHz 
8 
3 
1Hz-700kHz 
0.01 Hz-5.0kHz 
8 
4 
1Hz-600kHz 
0.01 Hz-4.0kHz 


64 
1 
1Hz-750kHz 
0.01 Hz-7.5kHz 
90 
2 
1Hz-500kHz 
0.01 Hz-7.0kHz 
64 
3 
1Hz-400kHz 
0.01 Hz-4.0kHz 
64 
4 
1Hz-750kHz 
0.01 Hz-7.5kHz 


MAX261 
1 
1 
40Hz-4.0MHz 
0.4Hz-40kHz 


1 
2 
4OHz-4.0MHz 
0.5Hz-57kHz 


1 
3 
4OHz-4.0MHz 
0.4Hz-40kHz 
1 
4 
4OHz-4.0MHz 
Oo4Hz-40kHz 


8 
1 
4OHz-2.7MHz 
0.4Hz-27kHz 
8 
2 
4OHz-2.1 MHz 
0.5Hz-30kHz 


PART 
Q 
MODE 
'ClK 
'0 
MAX261 
8 
3 
40Hz-1.7MHz 
Oo4Hz-17kHz 


8 
4 
4OHz-2.7MHz 
0.4Hz-27kHz 


64 
1 
4OHz-2.0MHz 
Oo4Hz-20kHz 


90 
2 
4OHz-1.2MHz 
0.4Hz-18kHz 


64 
3 
4OHz-1.2MHz 
0.4Hz-12kHz 


64 
4 
4OHz-2.0MHz 
0.4Hz-20kHz 


MAX262 
1 
1 
4OHz-4.0MHz 
1.0Hz-1ookHz 


1 
2 
4OHz-4.0MHz 
t4Hz-140kHz 


1 
3 
4OHz-4.0MHz 
tOHz-1ookHz 


1 
4 
40Hz-4.0MHz 
1.0Hz-1ookHz 


8 
1 
4OHz-2.5MHz 
1.0Hz-60kHz 


8 
2 
4OHz-1.4MHz 
104Hz-50kHz 


8 
3 
4OHz-t4MHz 
1.0Hz-35kHz 


8 
4 
4OHz-2.5MHz 
1.0Hz-60kHz 


64 
1 
4OHz-t5MHz 
tOHz-37kHz 


90 
2 
4OHz-o.9MHz 
t4Hz-32kHz 


64 
3 
4OHz-o.9MHz 
tOHz-22kHz 


64 
4 
4OHz-1.5MHz 
1.0Hz-37kHz 


ill 


OP IN 
OP OUT 


Microprocessor Programmable 
Universal Active Filters 


felK/fo 
RATIO 
PROGRAM 
CODE 


MAX260/61 
MAX262 


MODE 
1,3,4 
MODE 
2 
MODE 
1,3,4 
MODE 
2 
N 
FS 
F4 
F3 
F2 
F1 
FO 


100.53 
71.09 
40.84 
28.88 
0 
0 
0 
0 
0 
0 
0 


102.10 
72.20 
42.41 
29.99 
1 
0 
0 
0 
0 
0 
1 


103.67 
73.31 
43.98 
31.10 
2 
0 
0 
0 
0 
1 
0 
105.24 
74.42 
45.55 
32.21 
3 
0 
0 
0 
0 
1 
1 


106.81 
75.53 
47.12 
33.32 
4 
0 
0 
0 
1 
0 
0 


108.38 
76.64 
48.69 
34.43 
5 
0 
0 
0 
1 
0 
1 


109.96 
77.75 
50.27 
35.54 
6 
0 
0 
0 
1 
1 
0 


111.53 
78.86 
51.84 
36.65 
7 
0 
0 
0 
1 
1 
1 


113.10 
79.97 
53.41 
37.76 
8 
0 
0 
1 
0 
0 
0 


114.67 
81.08 
54.98 
38.87 
9 
0 
0 
1 
0 
0 
1 


116.24 
82.19 
56.55 
39.99 
10 
0 
0 
1 
0 
1 
0 


117.81 
83.30 
58.12 
41.10 
11 
0 
0 
1 
0 
1 
1 


119.38 
84.42 
59.69 
42.21 
12 
0 
0 
1 
1 
0 
0 


120.95 
85.53 
61.26 
43.32 
13 
0 
0 
1 
1 
0 
1 


122.52 
86.64 
62.83 
44.43 
14 
0 
0 
1 
1 
1 
0 


124.09 
87.75 
64.40 
45.54 
15 
0 
0 
1 
1 
1 
1 


125.66 
88.86 
65.97 
46.65 
16 
0 
1 
0 
0 
0 
0 
127.23 
89.97 
67.54 
47.76 
17 
0 
1 
0 
0 
0 
1 


128.81 
91.80 
69.12 
48.87 
18 
0 
1 
0 
0 
1 
0 
130.38 
92.19 
70.69 
49.98 
19 
0 
1 
0 
0 
1 
1 
131.95 
93.30 
72.26 
51.10 
20 
0 
1 
0 
1 
0 
0 
133.52 
94.41 
73.83 
52.20 
21 
0 
1 
0 
1 
0 
1 


135.08 
95.52 
75.40 
53.31 
22 
0 
1 
0 
1 
1 
0 


136.66 
96.63 
76.97 
54.43 
23 
0 
1 
0 
1 
1 
1 


138.23 
97.74 
78.53 
55.54 
24 
0 
1 
1 
0 
0 
0 


139.80 
98.86 
80.11 
56.65 
25 
0 
1 
1 
0 
0 
1 


141.37 
99.97 
81.68 
57.76 
26 
0 
1 
1 
0 
1 
0 


142.94 
101.08 
83.25 
58.87 
27 
0 
1 
1 
0 
1 
1 


144.51 
102.89 
84.82 
59.98 
28 
0 
1 
1 
1 
0 
0 


146.08 
103.30 
86.39 
61.09 
29 
0 
1 
1 
1 
0 
1 


147.65 
104.41 
87.96 
62.20 
30 
0 
1 
1 
1 
1 
0 


149.23 
105.52 
89.54 
63.31 
31 
0 
1 
1 
1 
1 
1 


150.80 
106.63 
91.11 
64.42 
32 
1 
0 
0 
0 
0 
0 
152.37 
107.74 
92.68 
65.53 
33 
1 
0 
0 
0 
0 
1 
153.98 
108.85 
94.25 
66.64 
34 
1 
0 
0 
0 
1 
0 


155.51 
109.96 
95.82 
67.75 
35 
1 
0 
0 
0 
1 
1 
157.08 
111.07 
97.39 
68.86 
36 
1 
0 
0 
1 
0 
0 


158.65 
112.18 
98.96 
69.98 
37 
1 
0 
0 
1 
0 
1 


160.22 
113.29 
100.53 
71.09 
38 
1 
0 
0 
1 
1 
0 


161.79 
114.41 
102.10 
72.20 
39 
1 
0 
0 
1 
1 
1 


163.36 
115.52 
102.67 
73.31 
40 
1 
0 
1 
0 
0 
0 


164.93 
116.63 
105.24 
74.42 
41 
1 
0 
1 
0 
0 
1 


166.50 
117.74 
106.81 
75.53 
42 
1 
0 
1 
0 
1 
0 


168.08 
118.85 
108.38 
76.64 
43 
1 
0 
1 
0 
1 
1 


169.65 
119.96 
109.96 
77.75 
44 
1 
0 
1 
1 
0 
0 


171.22 
121.07 
111.53 
78.86 
45 
1 
0 
1 
1 
0 
1 


172.79 
122.18 
113.10 
79.97 
46 
1 
0 
1 
1 
1 
0 


174.36 
123.29 
114.66 
81.08 
47 
1 
0 
1 
1 
1 
1 


Microprocessor Programmable 
Universal Active Filters 


felK/fo 
RATIO 
PROGRAM 
CODE 
, 


MAX260/61 
MAX262 


MODE 
1,3,4 
MODE 
2 
MODE 
1,3,4 
MODE 
2 
N 
F5 
F4 
F3 
F2 
F1 
FO 


175.93 
124.40 
116.24 
82.19 
48 
1 
1 
0 
0 
0 
0 


177.50 
125.51 
117.81 
83.30 
49 
1 
1 
0 
0 
0 
1 


179.07 
126.62 
119.38 
84.41 
50 
1 
1 
0 
0 
1 
0 


180.64 
127.73 
120.95 
85.53 
51 
1 
1 
0 
0 
1 
1 


182.21 
128.84 
122.52 
86.64 
52 
1 
1 
0 
1 
0 
0 
183.78 
129.96 
124.09 
87.75 
53 
1 
1 
0 
1 
0 
1 
185.35 
131.07 
125.66 
88.86 
54 
1 
1 
0 
1 
1 
0 
186.92 
132.18 
127.23 
89.97 
55 
1 
1 
0 
1 
1 
1 


188.49 
133.29 
128.81 
91.08 
56 
1 
1 
1 
0 
0 
0 
190.07 
134.40 
130.38 
92.19 
57 
1 
1 
1 
0 
0 
1 
191.64 
135.51 
131.95 
93.30 
58 
1 
1 
1 
0 
1 
0 


193.21 
136.62 
133.52 
94.41 
59 
1 
1 
1 
0 
1 
1 
194.78 
137.73 
135.09 
95.52 
60 
1 
1 
1 
1 
0 
0 
196.35 
138.84 
136.66 
96.63 
61 
1 
1 
1 
1 
0 
1 


197.92 
139.95 
138.23 
97.74 
62 
1 
1 
1 
1 
1 
0 
199.49 
141.06 
139.80 
98.85 
63 
1 
1 
1 
1 
1 
1 


Notes: 
1) For the MAX260/61, 
fClK/fo = (64 + N)7T/2 in Mode 
1, 3, and 4, where 
N varies 
from 
0 to 63. 


2) For the MAX262, 
fClK/fo = (26 + N)7T/2 in Mode 
1, 3, and 4, where 
N varies 
0 io 63. 
3) 
In Mode 
2, all fClK/fo ratios 
are divided 
by ..;2. The functions 
are then: 
MAX260/61 
fClK/fo = 1.11072 (64 + N), MAX262 
fClK/fo = 1.11072 (26 + N) 


PROGRAMMED 
0 
PROGRAM 
CODE 


MODE 
1,3,4 
MODE 
2 
N 
06 
05 
04 
03 
02 
01 
00 


0.500* 
0.707* 
0* 
0 
0 
0 
0 
0 
0 
0 
0.504 
0.713 
1 
0 
0 
0 
0 
0 
0 
1 
0.508 
0.718 
2 
0 
0 
0 
0 
0 
1 
0 
0.512 
0.724 
3 
0 
0 
0 
0 
0 
1 
1 
0.516 
0.730 
4 
0 
0 
0 
0 
1 
0 
0 
0.520 
0.736 
5 
0 
0 
0 
0 
1 
0 
1 
0.525 
0.742 
6 
0 
0 
0 
0 
1 
1 
0 
0.529 
0.748 
7 
0 
0 
0 
0 
1 
1 
1 


0.533 
0.754 
8 
0 
0 
0 
1 
0 
0 
0 
0.538 
0.761 
9 
0 
0 
0 
1 
0 
0 
1 
0.542 
0.767 
10 
0 
0 
0 
1 
0 
1 
0 
0.547 
0.774 
11 
0 
0 
0 
1 
0 
1 
1 
0.552 
0.780 
12 
0 
0 
0 
1 
1 
0 
0 
0.556 
0.787 
13 
0 
0 
0 
1 
1 
0 
1 
0.561 
0.794 
14 
0 
0 
0 
1 
1 
1 
0 
0.566 
0.801 
15 
0 
0 
0 
1 
1 
1 
1 


0.571 
0.808 
16 
0 
0 
1 
0 
0 
0 
0 
0.577 
0.815 
17 
0 
0 
1 
0 
0 
0 
1 
0.582 
0.823 
18 
0 
0 
1 
0 
0 
1 
0 
0.587 
0.830 
19 
0 
0 
1 
0 
0 
1 
1 
0.593 
0.838 
20 
0 
0 
1 
0 
1 
0 
0 
0.598 
0.846 
21 
0 
0 
1 
0 
1 
0 
1 
0.604 
0.854 
22 
0 
0 
1 
0 
1 
1 
0 
0.609 
0.862 
23 
0 
0 
1 
0 
1 
1 
1 


PROGRAMMED 
0 
PROGRAM 
CODE 


MODE 
1,3,4 
MODE 
2 
N 
06 
05 
04 
03 
02 
01 
00 


0.615 
0.870 
24 
0 
0 
1 
1 
0 
0 
0 


0.621 
0.879 
25 
0 
0 
1 
1 
0 
0 
1 


0.627 
0.887 
26 
0 
0 
1 
1 
0 
1 
0 


0.634 
0.896 
27 
0 
0 
1 
1 
0 
1 
1 


0.640 
0.905 
28 
0 
0 
1 
1 
1 
0 
0 


0.646 
0.914 
29 
0 
0 
1 
1 
1 
0 
1 


0.653 
0.924 
30 
0 
0 
1 
1 
1 
1 
0 


0.660 
0.933 
31 
0 
0 
1 
1 
1 
1 
1 


0.667 
0.943 
32 
0 
1 
0 
0 
0 
0 
0 


0.674 
0.953 
33 
0 
1 
0 
0 
0 
0 
1 
0.681 
0.963 
34 
0 
1 
0 
0 
0 
1 
0 
0.688 
0.973 
35 
0 
1 
0 
0 
0 
1 
1 
0.696 
0.984 
36 
0 
1 
0 
0 
1 
0 
0 


0.703 
0.995 
37 
0 
1 
0 
0 
1 
0 
1 
0.711 
1.01 
38 
0 
1 
0 
0 
1 
1 
0 


0.719 
1.02 
39 
0 
1 
0 
0 
1 
1 
1 


0.727 
1.03 
40 
0 
1 
0 
1 
0 
0 
0 


0.736 
1.04 
41 
0 
1 
0 
1 
0 
0 
1 
0.744 
1.05 
42 
0 
1 
0 
1 
0 
1 
0 


0.753 
1.06 
43 
0 
1 
0 
1 
0 
1 
1 


0.762 
1.08 
44 
0 
1 
0 
1 
1 
0 
0 


0.771 
1.09 
45 
0 
1 
0 
1 
1 
0 
1 


0.780 
1.10 
46 
0 
1 
0 
1 
1 
1 
0 
0.790 
1.12 
47 
0 
1 
0 
1 
1 
1 
1 


Notes: 
4) * Writing 
all Os into QOA-Q6A 
on Filter A activates 
a low power shutdown 
mode. 
BOTH filter sections 
are deactivated. 


Therefore 
this 
Q value 
is only 
achievable 
in filter 
B. 
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PROGRAMMED 
0 
PROGRAM 
CODE 


MODE 
1,3,4 
MODE 
2 
N 
06 
05 
04 
03 
02 
01 
00 


0.800 
1.13 
48 
0 
1 
1 
0 
0 
0 
0 
0.810 
1.15 
49 
0 
1 
1 
0 
0 
0 
1 
0.821 
1.16 
50 
0 
1 
1 
0 
0 
1 
0 
0.831 
1.18 
51 
0 
1 
1 
0 
0 
1 
1 
0.842 
1.19 
52 
0 
1 
1 
0 
1 
0 
0 
0.853 
1.21 
53 
0 
1 
1 
0 
1 
0 
1 
0.865 
1.22 
54 
0 
1 
1 
0 
1 
1 
0 
0.877 
1.24 
55 
0 
1 
1 
0 
1 
1 
1 


0.889 
1.26 
56 
0 
1 
1 
1 
0 
0 
0 
0.901 
1.27 
57 
0 
1 
1 
1 
0 
0 
1 
0.914 
1.29 
58 
0 
1 
1 
1 
0 
1 
0 
0.928 
1.31 
59 
0 
1 
1 
1 
0 
1 
1 
0.941 
1.33 
60 
0 
1 
1 
1 
1 
0 
0 
0.955 
1.35 
61 
0 
1 
1 
1 
1 
0 
1 
0.969 
1.37 
62 
0 
1 
1 
1 
1 
1 
0 
0.985 
1.39 
63 
0 
1 
1 
1 
1 
1 
1 


1.00 
1.41 
64 
1 
0 
0 
0 
0 
0 
0 
1.02 
1.44 
65 
1 
0 
0 
0 
0 
0 
1 
1.03 
1.46 
66 
1 
0 
0 
0 
0 
1 
0 
1.05 
1.48 
67 
1 
0 
0 
0 
0 
1 
1 
1.07 
1.51 
68 
1 
0 
0 
0 
1 
0 
0 
1.08 
1.53 
69 
1 
0 
0 
0 
1 
0 
1 
1.10 
1.56 
70 
1 
0 
0 
0 
1 
1 
0 
1.12 
1.59 
71 
1 
0 
0 
0 
1 
1 
1 
1.14 
1.62 
72 
1 
0 
0 
1 
0 
0 
0 
1.16 
1.65 
73 
1 
0 
0 
1 
0 
0 
1 
1.19 
1.68 
74 
1 
0 
0 
1 
0 
1 
0 
1.21 
1.71 
75 
1 
0 
0 
1 
0 
1 
1 
1.23 
1.74 
76 
1 
0 
0 
1 
1 
0 
0 
1.25 
1.77 
77 
1 
0 
0 
1 
1 
0 
1 
1.28 
1.81 
78 
1 
0 
0 
1 
1 
1 
0 
1.31 
1.85 
79 
1 
0 
0 
1 
1 
1 
1 


1.33 
1.89 
80 
1 
0 
1 
0 
0 
0 
0 
1.36 
1.93 
81 
1 
0 
1 
0 
0 
0 
1 


1.39 
1.97 
82 
1 
0 
1 
0 
0 
1 
0 
1.42 
2.01 
83 
1 
0 
1 
0 
0 
1 
1 
1.45 
2.06 
84 
1 
0 
1 
0 
1 
0 
0 
1.49 
2.10 
85 
1 
0 
1 
0 
1 
0 
1 
1.52 
2.16 
86 
1 
0 
1 
0 
1 
1 
0 
1.56 
2.21 
87 
1 
0 
1 
0 
1 
1 
1 


PROGRAMMED 
0 
PROGRAM 
CODE 


MODE 
1,3,4 
MODE 
2 
N 
06 
05 
04 
03 
02 
01 
QO 


1.60 
2.26 
88 
1 
0 
1 
1 
0 
0 
0 


1.64 
2.32 
89 
1 
0 
1 
1 
0 
0 
1 


1.68 
2.40 
90 
1 
0 
1 
1 
0 
1 
0 


1.73 
2.45 
91 
1 
0 
1 
1 
0 
1 
1 


1.78 
2.51 
92 
1 
0 
1 
1 
1 
0 
0 


1.83 
2.59 
93 
1 
0 
1 
1 
1 
0 
1 


1.88 
2.66 
94 
1 
0 
1 
1 
1 
1 
0 


1.94 
2.74 
95 
1 
0 
1 
1 
1 
1 
1 


2.00 
2.83 
96 
1 
1 
0 
0 
0 
0 
0 


2.06 
2.92 
97 
1 
1 
0 
0 
0 
0 
1 


2.13 
3.02 
98 
1 
1 
0 
0 
0 
1 
0 


2.21 
3.12 
99 
1 
1 
0 
0 
0 
1 
1 


2.29 
3.23 
100 
1 
1 
0 
0 
1 
0 
0 


2.37 
3.35 
101 
1 
1 
0 
0 
1 
0 
1 


2.46 
3.48 
102 
1 
1 
0 
0 
1 
1 
0 


2.56 
3.62 
103 
1 
1 
0 
0 
1 
1 
1 


2.67 
3.77 
104 
1 
1 
0 
1 
0 
0 
0 


2.78 
3.96 
105 
1 
1 
0 
1 
0 
0 
1 


2.91 
4.11 
106 
1 
1 
0 
1 
0 
1 
0 


3.05 
4.31 
107 
1 
1 
0 
1 
0 
1 
1 


3.20 
4.53 
108 
1 
1 
0 
1 
1 
0 
0 


3.37 
4.76 
109 
1 
1 
0 
1 
1 
0 
1 


3.56 
5.03 
110 
1 
1 
0 
1 
1 
1 
0 


3.76 
5.32 
111 
1 
1 
0 
1 
1 
1 
1 


4.00 
5.66 
112 
1 
1 
1 
0 
0 
0 
0 


4.27 
6.03 
113 
1 
1 
1 
0 
0 
0 
1 


4.57 
6.46 
114 
1 
1 
1 
0 
0 
1 
0 


4.92 
6.96 
115 
1 
1 
1 
0 
0 
1 
1 


5.33 
7.54 
116 
1 
1 
1 
0 
1 
0 
0 


5.82 
8.23 
117 
1 
1 
1 
0 
1 
0 
1 


6.40 
9.05 
118 
1 
1 
1 
0 
1 
1 
0 


7.11 
10.1 
119 
1 
1 
1 
0 
1 
1 
1 


8.00 
11.3 
120 
1 
1 
1 
1 
0 
0 
0 


9.14 
12.9 
121 
1 
1 
1 
1 
0 
0 
1 


10.7 
15.1 
122 
1 
1 
1 
1 
0 
1 
0 


12.8 
18.1 
123 
1 
1 
1 
1 
0 
1 
1 


16.0 
22.6 
124 
1 
1 
1 
1 
1 
0 
0 


21.3 
30.2 
125 
1 
1 
1 
1 
1 
0 
1 


32.0 
45.3 
126 
1 
1 
1 
1 
1 
1 
0 


64.0 
90.5 
127 
1 
1 
1 
1 
1 
1 
1 


Notes: 
5) In Modes 1, 3, and 4: Q = 64/(128-N) 
6) In Mode 2, the listed Q values are those of Mode 1 multiplied by .,f2. Then Q = 9O.511(128-N) 
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o 
CRYSTAL 


·osc 
OUT IS PIN 18 ON MAX261/62 


ClK 
OUT 
ClKs 
8 
12 


ICLK = ~~ 


ClK 
OUT 
ClKs 
12 
N.C. 


Oscillator and Clock Inputs 


The clock 
circuitry 
of the MAX260/61162 
can operate 


with a crystal, 
resistor-capacitor 
(RC) network, 
or an 


external 
clock 
generator 
as shown 
in Figure 
4. If an 


RC oscillator 
is used, the clock 
rate, fClK' 
nominally 


equals 
0.45/RC. 


The 
duty 
cycle 
of the 
clock 
at ClKA 
and 
ClKs 
is 


unimportant 
because the input is internally 
divided 
by 


two 
to 
generate 
the 
sampling 
clock 
for 
each 
filter 


section. 
It is important 
to note that this internal 
division 


also halves the sample 
rate when considering 
aliasing 


and other 
sampled 
system 
phenomenon. 


IIlcroproceaor 
Interface 


fo, Q, and Mode selection 
data is stored 
in an internal 


program 
memory. 
The memory 
contents 
are updated 


by writing 
to addresses 
selected 
by AQ-A3. DO and D1 


are the data inputs. 
A map of the memory 
locations 
is 


shown 
in Table 
4. 
Data 
is stored 
in the 
selected 


address 
on the rising 
edge of m. Address 
and data 


inputs 
are TTl 
and CMOS 
compatible 
when the filter 


DATA BIT 
ADDRESS 
LOCATION 


DO 
01 
A3 
A2 
A1 
AO 


FILTER 
A 


MOA 
M1A 
0 
0 
0 
0 
0 


FOA 
F1A 
0 
0 
0 
1 
1 


F2A 
F3A 
0 
0 
1 
0 
2 


F4A 
FSA 
0 
0 
1 
1 
3 


aOA 
alA 
0 
1 
0 
0 
4 


a2A 
a3A 
0 
1 
0 
1 
S 


a4A 
aSA 
0 
1 
1 
0 
S 


aSA 
0 
1 
1 
1 
7 


FILTER 
B 


MOa 
Mla 
1 
0 
0 
0 
8 


FOa 
Fla 
1 
0 
0 
1 
9 


F2a 
F3a 
1 
0 
1 
0 
10 


F4a 
FSa 
1 
0 
1 
1 
11 


aOa 
ala 
1 
1 
0 
0 
12 


a2a 
a3a 
1 
1 
0 
1 
13 


a4a 
aSa 
1 
1 
1 
0 
14 


aSa 
1 
1 
1 
1 
lS 


Note: 
Writing 
0 into 
aOA-aSA 
(address 
locations 
4-7) 
on 


Filter A activates 
shutdown 
mode. BOTH filter sections 


deactivate. 


is powered 
from 
±5 
volts. 
With 
other 
power 
supply 


voltages, 
CMOS logic levels should 
be used. Interface 


timing 
is shown 
in Figure 5. Note: Clock 
inputs 
ClKA 


and 
ClKs 
have no relation 
to the 
digital 
interface. 


They control 
the switched-capacitor 
filter sample 
rate 


only. 


Some noise may be generated 
on the filter outputs 
by 


transitions 
at the logic 
inputs. 
If this is objectionable, 


the digital 
lines should 
be buffered 
from the device by 


logic 
gates as shown 
in Figure 
6. 
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+5V 
OCTAL 
0 FLIP-FLOP 
74HC374 


3 
2 
AO 
10 
10 
AO 


4 
5 
A1 
A1 
20 
20 


7 
6 
A2 
3D 
30 
A2 


8 
9 
AtI'I..IJXI 
.•••• 
.,. 


A3 
40 
40 
A3 
MAX260 


13 
12 
MAX261 
01 
50 
50 
01 


14 
15 
MAX262 


02 
60 
60 
02 


Shutdown Mod. 


The MAX260/61/62 enters a shutdown/standby mode 
when all zeroes are written to the 0 addresses of filter 
A (OOA-06A). When shut down, power consumption 
with ±5V supplies typically drops to 10mW. When 
reactivating the filter after shutdown, allow 2ms to 
return to full operation. 


______ 
Filter Opel'llting Modes 


There are several ways in which the summing ampli- 
fier and integrators in each MAX260/61/62filter section 
can be configured. The four most versatile intercon- 
nections (modes) are selected by writing to inputs MO 
and M1 (See Tables 4 and 5). These modes use no 
external components. A fifth mode, 3A, makes use of 


an additional op-amp (included in the MAX261 and 
262) and external resistors but uses the same internal 
configuration, 
and is selected with the same pro- 


gramming code, as Mode 3. 
Figures 7 through 11 show symbolic representations 
of the MAX260 filter modes. Only one second-order 
section is shown in each case. The A and B sections 
of one MAX260/61/62can be programmed for different 
modes if desired. The fo, fN (notch), 0, and various 
output gains in each case are shown in Table 5. 


Flit., 
Mod. Selection 


MODE 1 (Figure 7) is useful when implementing all- 
pole lowpass and bandpassfilters such as Butterworth, 
Chebyshev, Bessel, etc.. It can also be used for notch 
filters, but only second-order notches because the 
relative pole and zero locations are fixed. Higher 
order notch filters require more latitude in fo and fN, 
which is why they are more easily implemented witn 
Mode 3A. 
Mode 1, along with Mode 4, supports the hil;lhest 
clock frequencies (See Table 1) because the mput 
summing amplifier is outside the filter's resonant loop 
(Figure 7). The gain of the lowpass and notch outputs 


Figure 7. Filter Mode 1: Second-Order Bandpass, 
Lowpass and Notch 


FILTER 
HoN! 
HoN2 
MODE 
M1, MO 
FUNCTIONS 
10 
Q 
IN 
HoLP 
HoBP 
(I - 
0) 
(I - 
ICLK/4) 
OTHER 


1 
0, 0 
Lp, Bp, N 
10 
-1 
-0 
-1 
-1 


2 
0, 1 
Lp, Bp, N 
N 
(') 
'0J2 
-0.5 
-0/J2 
-0.5 
-1 
UJ 
UJ 
3 
1,0 
Lp, BP, HP 


...J 
...J 
-1 
-0 
HOHP = -1 
CD 
CD 
~ 
~ 
lo~ 
RG 
RG 
3A 
1,0 
LP, Bp, HP, N 
UJ 
UJ 
-1 
-0 
+- 
+- 
HOHP = -1 
UJ 
UJ 
RL 
RL 
RH 
C/) 
C/) 


4 
1,1 
Lp, Bp, AP 
-2 
-20 
HOAP = -1 
Iz = 10,Oz = 0 
Not.,: 10= Center 
Frequency 
IN = Notch 
Frequency 
HOLP = Lowpass 
Gain 
at DC 
HOBP = Bandpass 
Gain 
at 10 
HOHP = Highpass 
Gain 
as I approaches 
IcLK/4 


HON1 = Notch 
Gain 
as I approaches 
DC 
HON2 = Notch 
Gain 
as I approaches 
IcLK/4 
HOAP = Allpass 
Gain 
Iz' Oz = I and 0 01 Complex 
Pole Pair 
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is 1, while 
the bandpass 
gain at the center 
frequency 


is O. For bandpass 
gains other than A, the filter input 


or 
output 
can 
be 
scaled 
by 
a resistive 
divider 
or 


op-amp. 


MODE 2 (Figure 
8) is used for all-pole 
lowpass 
and 


bandpass 
filters. 
Key advantages 
compared 
to Mode 


1 are higher 
available 
as 
(See Table 
3) and 
low~ 


output 
noise. Mode 2's available 
f~LK/fo ratios are ';2 


less than with Mode 1 (See Table Z) so a wider overall 
range of fos can be selected 
from a single clock when 


both 
modes 
are used together. 
This 
is demonstrated 


in the Wide 
Passband 
Chebyshev 
Bandpass 
design 


example. 


Figure 8. Filler Mode 2: Second-Order Bandpass, 


Lowpass and Notch 


MODE 3 (Figure 
9) is the only mode which 
produces 


high-pass 
filters. 
The 
maximum 
clock 
frequency 
is 


somewhat 
less than with 
MODE 
1 (See Table 1). 


Figure 9. Filler Mode 3: Second-Order Bandpass, 


Lowpass and Highpass 


MODE 3A (Figure 
10) uses 
a separate 
op-amp 
to 


sum 
the 
highpass 
and 
lowpass 
outputs 
of Mode 
3, 
creating 
a separate 
notch 
output. 
This output 
allows 


the notch 
to be set independently 
of fo by adjusting 


the op-amp's 
feedback 
resistor 
ratio (RH, RLl. RH, RL, 


~~I~JXI~~I 


and RG are external 
resistors. 
Because 
the notch 
can 


be independently 
set, Mode 
3A is also 
useful 
when 


designing 
pole-zero 
filters 
such as elliptics. 


Figure 10. Filter Mode 3A: Second-Order Bandpass, 


Lowpass, Highpass and Notch. For elliptic 
LP, 


Bp, HP and Notch, the N output is used 


MODE 4 (Figure 
11) is the only mode that provides 
an 


allpass output. This is useful when implementing 
group 


delay equalization. 
In addition 
to this, Mode 4 can also 


be 
used 
in all 
pole 
lowpass 
and 
bandpass 
filters. 


Along 
with Mode 1, it is the fastest operating 
mode for 


the filter, although 
the gains are different 
than in Mode 


1. When the all pass function 
is used, note that some 


amplitude 
peaking 
occurs 
(approximately 
O.3dB when 


a 
= 8) at fo. Also note that !o and a sampling 
errors 


are highest 
in Mode 4 (See figure 
20). 


Figure 11. Filler Mode 4: Second-Order Bandpass, 


Lowpass and AI/pass 
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__ 
Description of Filter Functions 


BANDPASS 
(Figure 
12) 


For all pole bandpass 
and lowpass filters (Butterworth, 
Bessel, Chebyshev) 
use Mode 1 if possible. 
If appro- 
priate fclK/fo 
or 0 values are not available 
in Mode 1, 
Mode 2 may provide 
a selection 
that 
is closer 
to the 
required 
values. 
Mode 
1 however 
has 
the 
highest 
bandwidth 
(See Table 1). For pole-zero 
filters such as 
elliptics 
see Mode 3A. 


G(s) - H 
s(wc!O) 
- 
OSP 
S2 + s(wc!O) 
+ wo2 


Hosp 
= Bandpass 
output 
gain at w = Wo 


fo = 
Wc!21T = The center frequency 
of the complex 
pole pair. Input-output 
phase shift is -180° 
at 
fo· 


o = 
The quality 
factor 
of the complex 
pole 
pair. 


Also the ratio of fo to -3dB 
bandwidth 
of the 
second-order 
bandpass 
response. 


LOWPASS See Bandpass 
text. 
(Figure 
13) 
w 
2 
G(s) - H 
0 
- 
OlP S2 + s(wc!O) 
+ wo2 


HolP = Lowpass 
output 
gain at DC 


fo = 
wol21T 


HIGHPASS 
(Figure 
14) 


Mode 
3 is the only 
mode 
with 
a high pass output. 
It 
will work 
for all pole filter types such as Butterworth, 
Bessel 
and Chebyshev. 
Use mode 3A for filters 
em- 
ploying 
both 
poles and zeros such as elliptics. 


G(s) - H 
S2 
- 
OHPS2 + s(wc!O) 
+ wo2 


HOHP = Highpass 
output 
gain as f approaches 
fClK/4 


fo = 
wol21T 


NOTCH 
(Figure 
15) 


Mode 3A is recommended 
for multi-pole 
notch filters. 
In 2nd 
order 
filters. 
Mode 
1 can also 
be used. 
The 
advantages 
of Mode 1 are higher bandwidth 
compared 
to mode 
3 (Higher 
fN can 
be implemented) 
and 
no 
need 
for external 
components 
as required 
in Mode 
3A. 


S2 + W 
2 
G(s) - H 
n 
- 
ON2 S2 + S(wc!O) 
+ wo2 


HON2 = Notch 
output 
gain as f approaches 
fClK/4 


HON1 = Notch 
output 
gain as f approaches 
DC 


fn = 
Wn/21T 


HOBP 


~ 
0.707 
HOBP 
Z 
~ 


Hop 


- 
HOLP 
~. 
- 
0.707 HOLP 


Ip = fo .J 
1 -~ 


1 


1~aV1-4(p. 
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The procedure 
for most filter designs 
is to first convert 
the required 
frequency 
response 
specifications 
to f05 
and Os for the appropriate 
number 
of second-order 
sections 
that 
implement 
the filter. 
This 
can be done 
by using design 
equations 
or tables 
in available 
liter- 
ature, or can be conveniently 
calculated 
using Maxim's 
filter 
design 
software. 
Once the fo and Os have been 
found, 
the next step 
is to turn 
them 
into the digital 
program 
coefficients 
required 
by the MAX260/61/62. 


An operating 
Mode 
and clock 
frequency 
(or clock/ 


center 
frequency 
ratio) 
must also be selected. 


Next, 
if the 
sample 
rate 
(fC~K/2) 
is low 
enough 
to 
cause significant 
errors, the selected f05 and Os should 
be corrected 
to account 
for sampling 
effects 
by using 
Figure 
20 or Maxim's 
design 
software. 
In most cases, 


the sampling 
errors 
are small 
enough 
to require 
no 
correction, 
Le. less than 
1%. In any 
case, 
with 
or 


without 
correction, 
the required 
~Qsand Os can then 
be selected 
from Tables 2 and 3. Maxim's 
filter design 
software 
can also perform 
this last step. The desired 
fos and 
Os are 
stated, 
and 
the 
appropriate 
digital 


coefficients 
are supplied. 


Ie = 10 • [J (1 - 2tk1 + J (1 _2tk12 + 1 
]_' 


Ip=lo' [Hl' 


1 


1 r-:-1 
aV 
1-~ 


HON2 


HON' 
[ 


Z« 
Cl 


HON 


IN 


l(lOG SCALE) 


ALL PASS 


Mode 4 is the only configuration 
in which 
an all pass 
function 
can be realized. 


G(s) = H 
S2 - s(wolO) 
+ wo2 


OAP 
S2 + s(wolO) 
+ wo2 


HOAP 
= All pass output 
gain for DC < f < fclK/4 


fo = 
wol2rr 


C•• c.dlng Flit.,.. 


In some 
designs, 
such 
as very 
narrow 
band 
filters, 


several 
second-order 
sections 
with 
identical 
center 


frequency 
may be cascaded. 
The total 0 of the 
re- 


sultant 
filter 
is: 
o 
Total 0T = 
/ 


V (21/N - 1) 
o is the 0 of each individual 
filter 
section, 
and N is 
the 
number 
of sections. 
In Table 6, the total 0 and 
bandwidth 
are listed 
for up to five identical 
second- 


order 
sections. 
B is the bandwidth 
of each section. 


Total 
Sections 
Total B.W. 
Total 
Q 


1 
1.000 B 
1.00 a 


2 
0.644 B 
1.55 a 


3 
0.510 B 
1.96 a 


4 
0.435 B 
2.30 a 


5 
0.386 B 
2.60 a 
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In high order bandpass 
filters, stages with different 
fos 
and Qs are also often 
cascaded. 
When this happens 
the overall filter gain at the bandpass 
center frequency 
is not 
simply 
the 
product 
of 
the 
individual 
gains 
because fo, the frequency 
where each section's 
gain is 
specified, 
is different 
for each second-order 
section. 
The gain of each section at the cascaded 
filter's center 
frequency 
must be determined 
to obtain the total gain. 


For all-pole 
filters the gain, H(fol. at each second-order 
section's 
fo is divided 
by an adjustment 
factor, 
G, to 
obtain that section's 
gain, H(foBP), at the overall center 
frequency: 


H1(foBP) = H(f01)/G1 = Section 
1's Gain at foBP 
Q1[(F12 - 1)2 + (F1/Q1)2)Y2 
G1 = --------- 
F1 


where 
F1 = f01/foBP 


G1, Q1' and f01 are the gain adjustment 
factor, Q, and 
!o for the fi rst of the cascaded 
second-order 
sections. 


The 
gain 
of the 
other 
sections 
(2, 3 etc.) 
at foBP is 


CMOS 
LOGIC 
LEVELS 


WR 
AO-A3 
00.01 


/"'I/JXI/"'I 


MAX260 
v· 
MAX261 
MAX262 


determined 
the same way. The overall 
gain 
is: 


H(foBP) = H1(foBP) x H2(foBP) x etc. 


For cascaded 
filters 
with zeros 
(fz) such 
as elliptics, 


the gain adjustment 
factor 
for each stage is: 


Q1[Fz12 - F12] [(F12 - 1)2 + (F1/Q1)2)Y2 


G1 = ------------- 
F12(Fz12- 1) 


where 
F1Z = fZ1/foBP, and F1 is the same as above. 


________ 
Application Hints 
Powe, Supplle. 


The MAX260/61162 
can be operated 
with a variety 
of 


power 
supply 
configurations 
including 
+5V to +12V 
single 
supply, 
or ±2.5V 
to ±5V dual supplies. 
When a 
single 
supply 
is used, 
V- is connected 
to 
system 
ground 
and the filter's 
GND 
pin should 
be biased at 
V+/2. 
The 
input 
signal 
is then 
either 
capacitively 
coupled 
to the filter 
input or biased to V+/2. Figure 
16 
shows circuit 
connections 
for single supply 
operation. 


- - - 
5V / 
JgiE 
- 


/\...j ?~ 
~O_I 
-----c 
V,N -A ANY 
DC 
/// L TO GND PIN 


- 
- 
- 
- 
5V 
---------c 
VIN 
,/\.. 
---OV 
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When power supplies 
other than ±5V are used, CMOS 
input 
logic 
levels (HIGH 
= V+, lOW 
= GND or V") are 


required 
for WFl, 00-01, 
AO-A3, 
ClK~ 
and 
ClKe 
. 
With ±5V supplies, 
either TTl 
or CMO~ 
levels can be 
used. Note 
however 
that power 
consumption 
at ±5V 
is reduced 
if ClKA 
and 
ClKs 
are driven 
with 
±5V, 
rather than TTl 
or 0 to 5V levels. Operation 
with +5V 
or ±2.5V 
power 
lowers 
power 
consumption 
but also 
reduces 
bandwidth 
by approximately 
25% compared 
to +12V or ±5V 
supplies. 


Best performance 
is achieved if V+ and V" are bypassed 
to ground 
with 
4.7JlF electrolytic 
(Tantalum 
is pre- 
ferred.) 
and 0.1JlF ceramic 
capacitors. 
These 
should 
be located 
as close 
to the supply 
pins 
as possible. 


The lead length 
of the bypass 
capacitors 
should 
be 
shortest 
at the V+ and V" pins. 
When 
using 
a single 
supply 
V+ and 
GND 
should 
be bypassed 
to 
V" as 
shown 
in Figure 
16. 


Output Swing and Clipping 


MAX260/61/62 
outputs 
are designed 
to 
drive 
10kO 
loads. For the MAX261 and MAX262, all filter 
outputs 
swing 
to within 
0.15V of each supply 
rail with a 10kO 


load. 
In the 
MAX260 
only, 
an internal 
sample-hold 
circuit 
reduces 
voltage 
swing 
at the N/HP/AP 
output 
compared 
to lP and BP. N/HP/AP therefore 
swings to 
within 
1V (10kO load) of either 
rail on the MAX260. 


To ensure that the outputs 
are not driven beyond 
their 
maximum 
range (output 
clipping), 
the peak amplitude 
response, 
individual 
section 
gains (Hosp, 
HOLP,HOHP), 


input 
signal 
level, and filter 
offset 
voltages 
must 
be 
carefully 
considered. 
It is especially 
important 
to 
check 
UNUSED 
outputs 
for clipping 
(i.e. the low pass 
output 
in a bandpass 
hookup) 
because 
overload 
at 
ANY filter stage severely distorts 
the overall 
response. 


The maximum 
signal 
swing with ±4.75V 
supplies 
and 
a 1.0V filter 
offset 
is approximately 
±3.5V. 


For example 
lets assume a fourth-order 
lowpass 
filter 


is being 
implemented 
with 
a Q of 2 using 
Mode 
1. 


With 
a single 
5V supply 
(i.e. ±2.5V 
with 
respect 
to 
chip 
GND) 
the maximum 
output 
signal 
is ±2V 
(w.r.t. 


GND). 
Since 
in Mode 
1 the 
maximum 
signal 
is Q 
times 
the 
input 
signal, 
the 
input 
should 
not exceed 
±(2/Q)V, 
or ±1V 
in this case. 
Clock Feedthrough and No/.e 


Typical 
wideband 
noise for MAX260 series devices 
is 
0.5mVpp 
from 
DC to 
100kHz. 
The 
noise 
is virtually 
independent 
of clock 
frequency. 
In multistage 
filters, 
the section 
with the highest 
Q should 
be placed 
first 
for lower 
output 
noise. 


The output 
waveform 
of the MAX260 series and other 
switched 
capacitor 
filters appears as a sampled 
signal 
with stepping 
or "staircasing" 
of the output 
waveform 
occurring 
at the 
internal 
sample 
rate 
(fCLI(/2). This 
stepping, 
if objectionable, 
can be removed 
by adding 
a single 
pole 
RC filter. 
With 
no input 
signal, 
clock 
related feedthrough 
is approximately 
8mVpp' 
This can 
also 
be attenuated 
with 
an RC smoothing 
filter 
as 
shown 
with 
the MAX261 
in Figure 
17. 


A lV/DIV. 
-OV 


B SmV/DIV. 


- 
OV 


C SmV/DIV. 


- 
OV 


* C,lOOOpF 


Some noise also may be generated 
at the filter outputs 
by transitions 
at the logic 
inputs. 
If this is objection- 
able, 
the 
digital 
lines 
should 
be buffered 
from 
the 
device 
by logic 
gates as shown 
in Figure 
6. 


Input Impedance 


The 
input 
to 
each 
filter 
is the 
switched 
capacitor 
circuit 
shown 
in Figure 
18. In the MAX260, 
the input 
capacitor 
charges 
to the input voltage 
VIN during 
the 
first half clock 
cycle. 
During 
the second 
half-cycle 
its 
charge 
is transferred 
to the feedback 
capacitor. 
The 
resultant 
input 
impedance 
can be approximated 
by: 


R1N= 1/(CINfcLK/2) 
= 2/(CINfcLK)' 


Cll!!! 
is around 
12pF, hence 
for a clock 
frequency 
of 
500kHz, 
R1N= 333kO. The input also has about 5pF of 
fixed 
capacitance 
to ground. 
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The 
MAX2611262 
input 
structure 
is shown 
in Figure 


19. Here CA = 12pF and Ci;l = 0.016pF and only Ca is 
switched, 
so the input 
resistance 
is 750 times 
larger 


compared 
to 
the 
MAX260 
(R1N 
= 
250MO). 
The 
MAX261162 has a fixed 
capacitance 
of approximately 


5pF to ground. 


'0 end Q et Low Sempl. Ret•• 


When 
low fq ..K/fO ratios 
and 
Iowa 
settings 
are se- 
lected, deviation 
from ideal continuous 
filter response 
may 
be noticeable 
in some 
designs. 
This 
is due to 


interaction 
between 
a, and fo at low fCLK/fo ratios and 
as. The data in Figure 20 quantifies 
these differences. 
Since 
the errors 
are predictable, 
the graphs 
can 
be 
used 
to 
correct 
the 
selected 
fo and 
a 
so that 
the 


actual 
realized 
parameters 
are on target. 
These 
pre- 
dicted errors are not unique 
to MAX260 series devices 


and 
in fact 
occur 
with 
all types 
of sampled 
filters. 


Consequently, 
these 
corrections 
can 
be applied 
to 
other 
switched-capacitor 
filters. 
In the 
majority 
of 


cases, the errors 
are not significant, 
i.e. less than 1%, 


and correction 
is not needed. 
However, 
the MAX262 


does employ 
a lower 
range of fCLK/fo ratios 
than the 
MAX260 
or MAX261 
and is more 
prone 
to sampling 
errors 
as the tables 
show. 


Maxim's 
filter 
design 
software 
applies 
the 
previous 


corrections 
automatically 
as a function 
of 
desired 
fCLK/fo, and a. 
Therefore, 
Figure 
20 should 
NOT be 
used when Maxim's software 
determines 
fo and a. This 


results 
in overcompensation 
of the sampling 
errors 
since the correction 
factors 
are then counted 
twice. 


The data plotted 
in Figure 20 applies for Modes 1 and 


3. When 
using 
Figure 
20 for 
Mode 
4, the 
fo error 
obtained 
from 
the graph 
should 
be multiplied 
by 1.5 
and the a error 
should 
be multiplied 
by 3.0. In .Mode 
2 the value of fCl-K/fO should 
be multiplied 
by. y2 
and 


the programmed 
a should 
be divided 
by "J2 
before 
using the graphs. 
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16 
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'" 
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Figure 20. Sampling Errors in fCLK/fo 
and Q at Low fCLK/fo 


and Q Settings 
Alle./ng 


As with 
all sampled 
systems, 
frequency 
components 


of the input 
signal 
above 
one half the sampling 
rate 


will be aliased. 
In particular, 
input signal components 


near the sampling 
rate generate difference 
frequencies 


that 
often 
fall within 
the passband 
of the filter. Such 


aliased 
siQnals, when 
they 
appear 
at the output, 
are 


indistinguishable 
from 
real 
input 
information. 
For 


example, 
the aliased 
output 
signal 
generated 
when a 


99kHz 
waveform 
is applied 
to 
a filter 
sampling 
at 


100kHz, (fCLK = 200kHz) 
is 1kHz. This waveform 
is an 


attenuated 
version 
of the 
output 
that 
would 
result 


from 
a true 
1kHz 
input. 
Remember 
that 
with 
the 


MAX260 
series filters, 
the nyquist 
rate (one half the 


sample 
rate) is in fact fCLK/4 because fCLK is internally 


divided 
by two. 
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C1 


R21ool<O 


V'N 


+5V 
TO FILTER 
INPUT 


lOOkCl 
OFFSET 
TRIM 
GAIN 
= -R1/R2 
-5V 
, 
1 
LP = 2"R1C1 


Figure 
21. 
Circuit 
for DC Offset 
Adjustment 


A simple 
passive 
RC lowpass 
input 
filter 
is usually 


sufficient 
to remove 
input frequencies 
that can cause 


aliasing. 
In many cases the input signal 
itself may be 


band limited 
and require 
no special anti-alias 
filtering. 
The wideband 
MAX262 uses lower fCLK/fo ratios than 


40 
-180 


15 
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ww 


CD 
II: 
Cl 
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-10 
w 
z 
e. 
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90 
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Q. 


~AXI~ 
MAX260 


the MAX260/61 
and for this 
reason 
is more 
likely 
to 


require 
input 
filtering 
than the MAX260 
or MAX261. 


n-Immlng DC OHM' 


The DC offset 
voltage 
at the LP or Notch 
output 
can 


be adjusted 
with the circuit 
in Fi!ilure 21. This circuit 


also 
uses 
the 
input 
op-amp 
to 
Implement 
a single 


pole 
anti-alias 
filter. 
Note 
that 
the 
total 
offset 
will 


generally 
be less in multistage 
filters 
than when only 


one 
section 
is used 
since 
each 
offset 
is typically 


negative 
and each section 
inverts. When the HP or BP 


outputs 
are 
used, 
the 
offset 
can 
be removed 
with 


capacitor 
coupling. 


________ 
De.;gn Example. 


Fourth-Order 
Chebyshell BlInd"" •• 
Filter 


Figure 
22 shows 
both 
halves of a MAX260 
cascaded 


to form a fourth-order 
Chebyshev 
bandpass 
filter. The 


desired 
parameters 
are: 


Center 
frequency 
(fol 
= 1 kHz 
Pass bandwidth 
= 200 Hz 
Stop 
Bandwidth 
= 600 Hz 
Max. passband 
ripple 
= 0.5 dB 
Min. stopband 
Attenuation 
= 15 dB 


15 


CD 
:!!. 
z 
0 
;( 
Cl 


-15 


2K 
5K 
10K 
20K 
SOK 
lOOK 


FREQUENCY 
(Hz) 


Figure 
23. 
MAX261 
Fourth-Order 
Chebyshev 
Bandpass 


Using 
Coefficients 
of Figure 
22.) 


From 
the 
above 
parameters, 
the 
order 
(number 
of 


poles), 
and 
the 
fo and 0 of 
each 
section 
can 
be 
_ 
determined. 
Such a derivation 
is beyond 
the scope of 
, 
this data sheet, however there are a number 
of sources 


which 
provide 
design 
data for this procedure. 
These 
include 
look-up 
tables, 
design 
texts 
and 
computer 


programs. 
Design software 
is available 
from 
Maxim to 


provide 
comprehensive 
solutions 
for 
most 
popular 


filter 
configurations. 
The A and B section 
parameters 


for the above filter 
are: 


fOA = 904 Hz 
fOB= 1106 Hz 


OA = 7.05 
OB = 7.05 
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To implement 
this filter, 
both halves operate 
in Mode 


1 and use the same clock. 
See selection 
Tables 2 and 


3. The programmed 
parameters 
are: 


ClKA 
= ClKs 
= 150 kHz 


fCLK/foA = 166.50 (Mode 
1, N=42), actual fOA= 902.4Hz 


fCLK/fos = 136.66 (Mode 1, N=23), actual fos = 1099.7Hz 
QA = Qs = 7.11 (Mode 
1, N=119) 


Sampling 
errors 
are very small at this fGl-l$/fo ratio so 
the actual 
realized 
Q is very close to 7.05 (See Figure 
20 or Filter 
Program 
MPP). Often 
the realized 
Q will 


not 
be exactly 
the target 
value 
at high 
Qs because 
programming 
resolution 
lowers 
as Q increases. 
This 
doesn't 
affect 
most 
filter 
designs, 
since 
3-digit 
Q 
accuracy 
is practically 
never required, 
and a Q reso- 


lution 
of 1 is provided 
up to Qs of 10. The overall filter 
gain at fo is 16.4VIV or 24.3dB 
(See Cascading 
Filters 
section). 
If another 
gain 
is required, 
amplification 
or 
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ClKA 


11 


ClK 
PROGRAM 


attenuation 
must 
be added 
at the 
input, 
output, 
or 


between 
stages. 


In Figure 
23, a series 
of response 
curves 
are shown 


for 
the 
above 
configuration 
using 
a MAX261 
with 


clock 
frequencies 
ranging 
from 
750kHz 
to 4MHz 
(fo 


from 
500Hz to 30kHz). 
Note that the rightmost 
curve 


shows 
about 
2dB of gain 
peaking 
compared 
to the 


lower frequency 
curves, 
indicating 
the upper 
limit 
of 


usable 
filter 
accuracy 
at this Q (See Table 1) 
Wide Passband Cheby.hev Band",... 


In this example 
(Figure 24) the desired 
parameters 
are: 


Center 
frequency 
(fo) 
= 1 kHz 
Pass bandwidth 
= 1 kHz 
Stop 
bandwidth 
= 3 kHz 
Max passband 
ripple 
= 1 dB 
Min stopband 
Attenuation 
= 20 dB 


CD 
-20 
~ 
z 


~ 
-30 


Figure 
24. 
Wide 
Passband 
Chebyshev 
Bandpass 
Filter 
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From 
the 
above 
parameters, 
we 
use either 
lookup 


tables, design 
texts or Maxim's 
filter design 
programs 


to generate 
the order 
(number 
of poles), 
and the !o 


and 
0 
of each 
second-order 
section. 
The 
A and 
B 


parameters 
are: 


fOA = 639 Hz 
fOB= 1564 Hz 
0A = 2.01 
0B = 2.01 


To implement 
this filter, section 
A operates 
in Mode 1 
and section 
B uses Mode 2 to provide 
a wider overall 
range of fCLK/fo ratios. This way one clock 
frequency 
can drive both sections 
A and B. See selection 
Tables 
2 and 3. 


ClKA 
= ClKB 
= 120 kHz 


fCLK/foA = 188.49 (Mode 
1, N=56). actual fOA= 636.6 Hz 


fCLK/foB = 76.64 (Mode 
2, N=5), actual 
fOB = 156.5 Hz 
0A = 2.000 (Mode 
1, N=96), 0B = 2.01 (Mode 
2, N=83) 


The 
overall 
passband 
gain 
at fo will 
be 0.64VIV 
or 


-3.9dB. 


High Frequency Chebyshev 
Bandpass 


The same Chebyshev 
response 
shape shown 
in figure 
23 
is 
implemented 
at 
higher 
frequencies 
with 
a 


MAX262 
in 
Figure 
25. The 
curves 
show 
plots 
for 


center 
frequencies 
of 
15.6kHz, 
31.3kHz, 
and 
47kHz. 


Not only is this faster than the MAX260 implementation 
but Mode 1 can be used in both halves of the MAX262 
for this 
filter 
because 
the 
range 
of available 
fC!-1</fo 


ratios 
is wider 
with the MAX262 
than the MAX260. 


Fourth-Order 
Butterworth 
Lowpass 


Figure 
26 shows 
a fourth-order 
Butterworth 
lowpass 


with a cutoff 
frequency 
of 3kHz. Section 
A and B of a 
MAX260 
are cascaded. 
The fo and 0 
parameters 
for 


each section 
are: 


fOA = 3kHz 
fOB = 3kHz 
OA = 1.307 
0B = 0.541 


Mode 1 and a 400kHz clock 
are used. Because 
of low 
o values, 
the 
sampling 
errors 
of 
Figure 
15 and 
16 


begin to look significant 
in this case. From the graphs, 


using fCLK/fo ratio near 133, foA will be about 4% high, 
foB will 
be 1.5% high. 
0A will 
be -1.2% 
low, and 0B 
will be -0.5% low. If these error are not a problem, 
the 


corrections 
can be ignored. 
They 
are included 
here 


for best possible 
accuracy: 


ClKA 
= ClKB 
= 400 kHz 
fCLK/foA = 135.08 (N=22), fO(3 = 2961 Hz 
(-1.3% correction) 
fCLK/foB = 139.80 (N=25), fOA= 2861 Hz 


(-4.6% correction) 
0A = 1.306 (N=79, 0 
resolution 
prevents 
+0.5% 
correction) 
OB = 0.547 (N=11, +1.1% correction) 


Measured 
wiCleband noise for this filter 
is 123pV RMS. 


If Mode 2 were used, the noise would 
be 87pV RMS. 


For 
lower 
noise 
with 
either 
Mode 
the 
first 
section 


should 
have the highest 0 (Section 
A in this example). 


---- -- -.-- -- -- ----- 
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Universal Active Filters 
_ 
Ordering Information 
(continued) 


PART 
TEMP. RANGE 
PACKAGE' 
ACCURACY 


MAX261BCNG 
O·C to +lO·C 
Plastic 
DIP 
2% 


MAX261AENG 
-40· C to +85· C 
Plastic 
DIP 
1% 


MAX261BENG 
-40·C 
to +85·C 
Plastic DIP 
2% 


MAX261ACWG 
O·C to +lO·C 
Wide SO 
1% 


MAX261 BCWG 
O·C to +lO·C 
Wide SO 
2% 


MAX261AMRG 
-55·C 
to +125·C 
CERDIP 
1% 


MAX261BMRG 
-55·C 
to +125·C 
CERDIP 
2% 


MAX262ACNG 
O·C to +lO·C 
Plastic DIP 
1% 


MAX262BCNG 
O·C to +lO·C 
Plastic 
DIP 
2% 


MAX262AENG 
-40·C 
to +85·C 
Plastic 
DIP 
1% 


MAX262BENG 
-40· C to +85· C 
Plastic 
DIP 
2% 


MAX262ACWG 
O·C to +lO·C 
Wide SO 
1% 


MAX262BCWG 
O·C to +lO·C 
Wide SO 
2% 


MAX262AMRG 
-55·C 
to +125·C 
CERDIP 
1% 


MAX262BMRG 
-55·C 
to +125·C 
CERDIP 
2% 


N.C.(OP 
IN) 


INA 


01 


OSC OUT 


GNO 


Maxim 
cannot 
assume 
responsibility 
for use of any 
circUItry 
other 
than 
clfcUltry 
entirely 
embodied 
In a MaXim 
product. 
No 
circuit 
patent 


licenses 
are implied. 
Maxim 
reserves 
the right 
to change 
the circUItry 
and 
specificatIOns 
without 
notice 
at any 
time. 


~~I~JXI~~I 


Pin Programmable 


Universal and Bandpass Filters 
_______ 
Genersl Description 


The 
MAX263/264 
and MAX267/268 
CMOS 
switched- 


capacitor 
active 
filters 
are 
designed 
for 
precision 


filtering 
applications. 
Center 
frequency, 
Q, and oper- 
ating 
mode 
are all selected 
via pin-strapped 
inputs. 


The MAX263/264 
uses no external 
components 
for a 


variety 
of 
bandpass, 
low pass. 
highpass. 
notch 
and 


alipass 
filters. 
The 
MAX267/268 
is 
dedicated 
to 


bandpass 
applications 
and includes 
an uncommitted 


op-amp. 
Two second-order 
filter sections 
are included 


in both devices. 


An 
input 
clock 
and 
a 
5-bit 
programming 
input 


precisely 
set the filter 
center/corner 
frequency. 
Q is 


also 
programmed 
from 
0.5 
to 
64. 
Separate 
clock 


inputs 
for 
each 
filter 
half 
operate 
with 
either 
an 


external 
clock 
or a crystal. 


The MAX263 and 267 operate 
with center frequencies 


up to 30kHz while 
the MAX264 and 268 extend 
the fa 


range to 75kHz by employing 
lower fclK/fo ratios. The 


MAX263/264 
is supplied 
in 28 pin wide DIP and small 


outline 
packages 
while the MAX267/268 
is supplied 
in 


24 pin narrow 
DIP and wide SO packages. 
All devices 


are available 
in commercial, 
extended, 
and 
military 


temperature 
ranges. 


INTRODUCTORY 


- 
Applications 


Sonar 
and Avionics 
Instruments 


Anti-Aliasing 
Filters 


Digital 
Signal 
Processing 


Vibration 
and Audio 
Analysis 


Matched 
Tracking 
Filters 


• 
Filter 
Design 
Software 
Available 


• 
32-Step 
Center 
Frequency 
Control 


• 
128-Step a Control 


• 
Independent a and fo Programming 


• 
Guaranteed 
Clock 
to fo RatI0-1% 
(A grade) 


• 
75kHz 
fo Range (MAX264/268) 


• 
Single 
+5V and ±5V 
Operation 


PART 
TEMP. RANGE 
PACKAGE' 
ACCURACY 


MAX263ACPI 
DOC to +7DoC 
Plastic 
DIP 
1% 


MAX263BCPI 
DOC to +7DoC 
Plastic 
DIP 
2% 


MAX263AEPI 
-4DoC to +85°C 
Plastic 
DIP 
1% 


MAX263BEPI 
-4DoC to +85°C 
Plastic 
DIP 
2% 


MAX263ACWI 
DOC to +7DoC 
Wide SO 
1% 


MAX263BCWI 
DOC to +7DoC 
Wide SO 
2% 


MAX263AMJI 
-55°C 
to +125°C 
CERDIP 
1% 


MAX263BMJI 
-55°C 
to +125°C 
CERDIP 
2% 


MAX264ACPI 
DOC to +7DoC 
Plastic 
DIP 
1% 


MAX264BCPI 
DOC to +7DoC 
Plastic 
DIP 
2% 


(Ordering 
Inlormellon 
conllnued 
on Ie.' pege.) 


• MAX2631264 
packages 
are 28-pin 
0.6" 
wide 
DIP and 28-pin 
0.3" 
wide 


SO (Small 
Outline). 


MAX2671268 
packages 
are 24-pin 
0.3" wide 
DIP and 24-pin 
0.3" 
wide 


SO (Small 
Outline). 


Pin Programmable 
Universal and Bandpass Filters 


ABSOLUTE 
MAXIMUM 
RATINGS 


Total 
Supply 
Voltage 
(V' 
to V') 
15V 


Input 
Voltage, 
any 
pin 
V'·0.3V 
to V'+0.3V 


Input 
Current, 
any 
pin 
±50mA 


Power 
Dissipation 
Plastic 
DIP 
(derate 
8.33mW/·C 
above 
70·C) 
660mW 
CERDIP 
(derate 
12.5mW/·C 
above 
70·C) 
1000mW 
Wide 
SO (derate 
11.8mW/·C 
above 
70·C) 
944mW 


Operating 
Temperature 
MAX26XXCXX 
O·C to +70·C 


MAX26XXEXX 
-40· C to +85° C 


MAX26XXMXX 
-55°C 
to +125·C 


Storage 
Temperature 
-65°C 
to +160°C 


lead 
Temperature 
(Soldering, 
10 seconds) 
+3OO°C 


Stresses ebove those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions above those indicated in the operational sections of the specification is not 
implied. Exposure to absolute Maximum ratings conditions for extended periods may affect the device reliability. 
ELECTRICAL 
CHARACTERISTICS 


(V' = +5V, V' = -5V, ClKA 
= ClKe 
= ± 5V, 1.5MHz, fclK/fo = 197.92 for MAX263/67 
and 138.23 for MAX264/68, 
Filter Mode 
1, "1" = v+ 


and "0" = V' on F and Q inputs, 
TA = +25°C 
unless 
otherwise 
noted.) 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


fo Center 
Frequency 
Range 
See Table 
1 


Maximum 
Clock 
Frequency 
See Table 
1 


fclK/fo 
Ratio 
Error 
(Note 
1) 
TA = TM1Nto TMAX 
MAX26XA 
±0.2 
±1.0 
% 
MAX26XB 
±0.2 
±2.0 


fo Temperature 
Coefficient 
-5 
ppm/oC 


Q Accuracy 
(deviation 
from 
TA = T~IN to TMAX 


ideal continuous 
filter) 
Q = O. 
to 16 
MAX26XA 
±1 
±6 


(Note 
2) 
Q = 0.5 to 16 
MAX26XB 
±1 
±10 
Q = 32 
MAX26XA 
±2 
±10 
% 


Q = 32 
MAX26XB 
±2 
±15 
Q = 64 
MAX26XA 
±4 
±15 
Q = 64 
MAX26XB 
±4 
±22 


Q Temperature 
Coefficient 
±20 
ppm/oC 


DC lowpass 
Gain 
Accuracy 
MAX263/4A 
±O.1 
±O.25 
dB 
MAX263/4B 
±O.1 
±O.5 


Gain 
Temperature 
Coefficient 
lowpass 
(at D.C.) 
·5 
ppm/oC 
Band pass (at fol 
+20 


Output 
Offset 
Voltage 
~ 
= TMIN to T MAX' Q = 4 
(Note 
3) 
ode 
1 
MAX263/67A 
±O.05 
±O.20 
BP Output 
MAX263/67B 
±0.05 
±0.30 


MAX264/68A 
±0.05 
±0.20 
MAX264/68B 
±0.05 
±O.30 


Mode 
1 
MAX263A 
±0.40 
±O.90 
lp,N 
Outputs 
MAX263B 
±O.SO 
±1.60 
MAX264A 
±0.40 
±O.90 
MAX264B 
±O.SO 
±1.60 
V 


Mode 
3 
MAX263A 
±0.10 
±O.20 
Bp, HP Outputs 
MAX263B 
±0.10 
±O.30 
MAX264A 
±0.10 
±O.20 
MAX264B 
±0.10 
±0.30 


Mode 
3 
MAX263A 
±O.50 
±1.oo 
lP 
Output 
MAX263B 
±0.90 
±1.60 
MAX264A 
±O.50 
±1.00 
MAX264B 
±0.90 
±1.60 


Offset 
Voltage 
Temperature 
flK/\ 
= 100.53, Q = 4 
±O.75 
mV/oC 
Coefficient 
A= 
MINtoTMAx 


Clock 
Feedthrough 
±4 
mV 


Crosstalk 
-70 
dB 


Wideband 
Noise 
(Note 
4) 
Q = 1, 2nd-Order, 
lP/BP 
See Typ. 
Oper. Char. 
4th-Order 
lP 
90 
pVRMS 


4th-Order 
BP 
100 


Pin Programmable 


Universal and Bandpass Filters 


ELECTRICAL 
CHARACTERISTICS 
(Continued) 
=- 
(Y· = +5Y, Y- = -5Y, CLKA = CLKB = ± 5Y, 1.5MHz, fClK/fo = 197.92 for MAX263/67 
and 138.23 for MAX264/68, 
Filter Mode 
1, "1" = v+ 
~ 
and "0" = Y- on F and a inputs, 
TA = +25°C 
unless 
otherwise 
noted.) 
•.• 


~ 
~ 
~ 


~: 


~ 
~ 


~ 
~ 
= 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Harmonic 
Distortion 
at fo 
a 
= 4, Y1N= 1.5Ypp 
-57 
dB 


Supply 
Yoltage 
Range 
TA = TMIN to T MAX 
±2.37 
±5 
±6.3 
Y 


Power 
Supply 
Current 
TA = TMIN to T MAX 
I MAX263/67 
14 
20 
mA 
(Note 
5) 
MAX264/68 
14 
20 


Shutdown 
Supply 
Current 
ao-06 
= all 0 
2.5 
mA 
(Note 
5) 


fo, a Programming 
Inputs 
TA = ~IN 
to T:tAX' FO-F4, ao-06 
v+-o.5 
Y 
High 
hreshol 
Low Threshold 
Y-+0.5 


Clock 
Inputs 
TA = TMIN to T MAX' CLKA, CLKB 
High 
Threshold 
2.4 
Y 


Low Threshold 
0.8 


Input 
Leakage 
Current 
TA = TMI~;O 
T~x 
CLKB 
= 
or 
10 


CLKA = Y· or Y- 
6 
60 
pA 


MO, Ml, 
Fo-F4, 00-06 
= V+-0.5Y or Y-+0.5Y 
20 
200 
MO, Ml, 
Fo-F4, 00-06 
= Y· or Y- 
5 


INTERNAL 
AMPLIFIERS 


Output 
Signal 
Swing 
TA = T MIN to TMAX' 10kO load 
±4.75 
Y 


Output 
Short 
Circuit 
Current 
Source 
50 
mA 
Sink 
2 


Power 
Supply 
Rejection 
Ratio 
OHz to 10kHz 
-70 
dB 


Gain 
Bandwidth 
Product 
2.5 
MHz 


Slew 
Rate 
6 
Vips 


ELECTRICAL 
CHARACTERISTICS 
(for V± = ±2.5V ±5%) 


(Y· = +2.37Y, Y- = -2.37Y, CLKA = CLKB = ±2.5Y 
1MHz fClK/fo = 197.92 for the MAX263/67 
and 138.23 for MAX264/68, 
Filter 
Mode 1, 


TA = +25° C unless 
otherwise 
noted.) 


PARAMETER 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


fo Center 
Frequency 
Range 
(Note 
6) 


Maximum 
Clock 
Frequency 
(Note 
6) 


fijK/fO 
Ratio 
Error 
0=8 
MAX26XA 
±0.1 
±1 
% 
( 
otes 
1, 7) 
MAX26XB 
±D.l 
±2 
a Accuracy 
(deviation 
from 
0=8 


ideal 
continuous 
filter) 
fClK/fo = 197.92 
MAX263/67A 
±2 
±5 
(Notes 
2, 7) 
MAX263/67B 
±2 
±10 
% 
fClK/fo = 138.23 
MAX264/68A 
±2 
±5 


MAX264/68B 
±2 
±10 


Output 
Signal 
Swing 
All Outputs 
±2 
Y 


Power 
Supply 
Current 
7 
mA 


Shutdown 
Current 
0.45 
mA 


Note 
1: 
fC,lK/fOaccuracy 
is tested at 100.53, 103.67, 106.81, 113.1, 125.66, 150.8, and 197.92 on the MAX263/67, 
and at 40.84,43.98, 


47.12, 53.41, 65.97, 91.11, and 
138.23 on the MAX264/68. 


Note 2: 
a 
accuracy 
tested 
at a 
= 0.5, 1,2,4,8, 
16, 32, and 64. a of 32 and 64 tested 
at 1/2 stated 
clock 
frequency. 


Note 3: 
The Offset 
Yoltage 
is specified 
for the entire 
filter. Offset 
is virtually 
independent 
of a and felK/fo 
ratio setting. 
The test 


clock 
frequency 
for Mode 
3 is 750kHz. 


Output 
noise 
is measured 
with 
an RC output 
smoothing 
filter 
at 4 x fo to remove 
clock 
feedthrough. 


TTL logic 
levels are: HIGH 
= 2.4Y, LOW = 0.8Y. Power supply 
current 
is typically 
4mA higher 
with TTL clock 
input 
levels. 


At ±2.5Y 
supplies, 
the fo range 
and maximum 
clock 
frequency 
are typically 
75% of values 
listed 
in Table 1. 


fC1K/fo and a accuracy 
are a function 
of the accuracy 
of internal 
capacitor 
ratios. 
No increase 
in error 
is expected 
at 


±2.5Y 
as compared 
to ±5Y 
however 
these parameters 
are only tested to the extent 
indicated 
by the MIN or MAX limits . 
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Note 4: 
Note 5: 
Note 6: 
Note 7: 


Pin Programmable 
Universal and Bandpass Filters 
Typical Operating Characteristics 


tOO vs POWER SUPPLY 
VOLTAGE 


±5V 
I 
I 
Q = 8 
MODE 
3 
TA = 25'C 


!l;LK-N=O 
10 


MODE 
2 
I 


1/ 
,/ 


MODE 
1 4 


20 


16 
l. 


12 
a:0 
a: 
8 
a:w 
0 
4 


0 


-4 


CLOCK 
(5V, OV) 


±5V 
I 
I 
Cl 
17 
CONTROL 
PINS 
(5V, OV) 
S. 
25'C 
oe 
! 
o 
15 


e 


0.2 


0.0 
!. -0.2 


a: 
-0.4 
0a:a: 
-0.6 
wj 
-0.8 


-1.0 


-1.2 


I 
A 
MODE 
2, 3 


I 
MODb 
1,14 
±5V 
Q = 8 
TA = 25'C 


!l;LK-N=O 
10 


'\. 


lOOK 
0' 


~ 
10K 
UszS 
lK 
o«!:.loo 
~ 


Noise 
Spectral 
Distribution 
(MAX263/67, 
fCLK = 1 MHz, dB 


ref. to 2.47VRMS' 
7V p_p) 
0=1 
0=8 
0=64 
Mode 
LP 
BP 
HP/AP/N 
LP 
BP 
HP/AP/N 
LP 
BP 
HP/AP/N 


1 
-84 
-90 
-84 
-80 
-82 
-85 
-72 
-73 
-85 


2 
-88 
-90 
-88 
-84 
-82 
-84 
-77 
-73 
-76 
3 
-84 
-90 
-88 
-80 
-82 
-82 
-73 
-73 
-74 
4 
-83 
-89 
-84 
-79 
-81 
-85 
-71 
-73 
-85 


Measurement 
0=1 
0=8 
0=64 
Bandwidth 


Wideband 
-84 
-80 
-72 


3kHz 
-87 
-87 
-86 


C Message 
-93 
-93 
-93 
Weighted 


Notes: 
1. tClK = 1MHz 
2. tClK/to 
ratio 
programmed 
at N = 31 (see Table 
2) 


3. Clock 
teedthrough 
is removed 
with an RC low pass at 4fo' i.e. R = 3.9kO, C = 2000pF for 
MAX263. 


Pin Programmable 


Universal and Bandpass Filters 
__________________________ 
Pin Description 


MAX263 
MAX267 
MAX264 
MAX268 
PIN # 
PIN # 
NAME 
FUNCTION 


10 
8 
V· 
Positive 
supply 
voltage 


18 
16 
V 
Negative 
supply 
voltage 


19 
17 
GND 
Analog 
Ground. 
Connect 
to the system 
ground 
for dual supply 


operation 
or mid-supply 
for single 
supply 
operation. 
GND 
should 


be well 
bypassed 
in single 
supply 
applications. 


13 
11 
CLKA 
Input 
to the oscillator 
and clock 
input 
to section 
A. This 
clock 
is 


internally 
divided 
by 2. 


14 
12 
CLK. 
Clock 
input 
to filter 
B. This clock 
is internally 
divided 
by 2. 


20 
18 
OSC 
OUT 
Connects 
to crystal 
for self clocked 
operation 


5. 1 
5.1 
INA, 
IN. 
Filter 
inputs 


3.27 
2,24 
BPA• 
BP. 
Bandpass 
outputs 


2.28 
LPA• 
LP. 
Lowpass 
outputs 
(MAX263/264 
only) 


4.26 
HPA• 
HP. 
Highpass/Notch/Allpass 
outputs 
(MAX263/264 
only) 


8.7 
MO, M1 
Mode 
select 
inputs 
(MAX267/268 
are fixed 
in Mode 
1) 


24,17, 
23 
22. 15, 21 
Fo-F4 
Clock/center 
frequency 
ratio 
(feudfo) 
programming 
inputs 


12.11 
10.9 


15.16.21 
13.14. 
19 
00-06 
o programming 
inputs 
22. 25. 6 
20,23,6 
9 
7 


4 
OP IN 
Inverting 
input 
of uncommitted 
op-amp 
on MAX267/268 
only. 


Noninverting 
input 
is internally 
connected 
to ground. 


3 
OP OUT 
Output 
of uncommitted 
op-amp 
on MAX267/268 
only. 


~•••~.-:I. _••••••__.- 
Universal and Bandpass Filters 


U 
FO-F4 
(TABLE 
2) 


Each 
MAX26X 
device 
contains 
two 
second-order 
filters. 
In 
Figure 
1, a block 
diagram 
of 
the 
state 
variable topology 
employed 
in one filter section 
shows 
how 
on-chip 
switched 
capacitor 
networks 
provide 
adjustable 
feedback 
to control 
fo and Q. Shared 
pro- 
gramming 
inputs 
require 
that both halves of the filter 
be set for the same fclK/fo ratio and Q. In the MAX263 
and MAX264 universal 
filters, switches 
S1-S3 are con- 
trolled 
by inputs 
MO and M1 to set the filter 
operating 
mode. 
The MAX267/68 
bandpass 
filter 
operates 
only 
in Mode 
1. 


The 
MAX264/68 
uses 
a 
lower 
range 
of 
sampling 
(fclK/fo) 
ratios 
than 
the 
MAX263/67 
to allow 
higher 
signal 
bandwidths 
and a wider 
programming 
range. 
The 
reduced 
fClK/fo ratios 
result 
in somewhat 
more 
deviation 
from ideal continuous 
filter parameters 
than 
with 
the 
MAX263/67, 
however 
these 
differences 
can 
be compensated 
using 
Figure 
17 (See "Applications 
Hints") 
or Maxim's 
filter 
design 
software. 


The 
second-order 
sections 
in the 
MAX263/64/67/68 
are identical 
and may be used as matched 
dual track- 
ing filters, 
or can be cascaded 
to form 
higher-order 
filters. 
They 
can 
also 
be 
combined 
with 
external 
resistors 
and amplifiers 
for multiple 
feedback 
all-pole 
bandpass 
filters. 


In all MAX26X series filters, the Internal sample rate Is 
one half the Input clock rate (CLKA or CLK.) 
due to 
an Internal division by two. All clock related data, 
tables, and other discussions in this data sheet refer 
to the frequency at the CLKA or CLK. 
Input, I.e. twice 
the Internal sample rate, unless specifically 
stated 
otherwise. 


MAX26X series filters, 
with Maxim's 
filter 
design 
soft- 
ware, greatly 
simplify 
the design 
procedure 
for many 
active 
filters. 
Most designs 
can be realized 
using the 
steps in this section. 
If the filter 
software 
is not used, 


or 
if 
the 
complexity 
is beyond 
the 
scope 
of 
this 
section, 
refer to the remainder 
of this data sheet for 
more detailed 
application 
information. 


Step 1-Filter 
Design 


Starting 
with 
the 
design 
program 
"PZ", 
determine 
what type of filter 
is needed. 
PZ helps determine 
the 
type 
(Butterworth, 
Chebyshev, 
etc.) 
and the number 
of poles 
for the optimum 
choice. 
The 
program 
also 
plots 
the 
frequency 
response 
and 
calculates 
the 
pole/zero 
(fo) and 
Q values 
for 
each 
second-order 
section. 
Each 
MAX26X 
contains 
two 
such 
sections 
and devices 
may be cascaded 
for higher 
order filters. 


An 
alternate 
technique 
for 
bandpass 
filters 
uses 
mult!ple 
fee~back 
(see Figure 
13). If this is employed, 


the filter deSign program 
"BP" should 
be used instead 
of PZ and Step 2 is not used. 


Step 2-Generate Programming Coefficients 


If multiple 
feedback 
is not used, start with the fo and 
Q values 
obtained 
with 
PZ in Step 
1 and 
use the 
program 
"MPP" to generate 
the digital 
program 
codes 
for fclK/fo and Q. MPP displays 
"N" values for fo and Q 
where 
N is the decimal 
equivalent 
of the binary 
pin- 
program 
codes. These 
are listed 
in Tables 2 and 3. 


Pin Programmable 
Universal and Bandpass Filters 


An input clock and filter "Mode" 
must also be selected 


in this 
step, 
however, 
if a specific 
clock 
rate is not 
selected, 
"MPP" 
will 
pick 
one. With 
regard 
to mode 
selection, 
Mode 1 (only possible 
mode for MAX267/68) 


is the most convenient 
choice 
for most bandpass 
and 


lowpass 
filters 
except for elliptics 
which 
require 
Mode 
3. Highpass 
filters 
also 
use 
Mode 
3, while 
allpass 
filters 
require 
Mode 
4. For details 
regarding 
mode 


selection 
see "Filter 
Operating 
Modes". When a clock 


frequency 
(or frequencies) 
is selected 
and the pro- 


gramming 
codes for fcLK/fo and Q are determined, 
the 


filter 
can then 
be programmed 
and operated. 


Maxim 
provides 
software 
programs 
to help speed the 


transition 
from 
frequency 
response 
design 
require- 
ments to working 
hardware. 
A series of programs 
are 
available, 
including: 


Program 
PZ. Given the requirements, 
such as center 


frequency, 
Q, passband 
ripple, and stopband 
attenua- 


tion, PZ will calculate 
the pole frequencies, 
Q's, zeros, 


and the number 
of stages 
needed. 


Program 
MPP. For programmed 
filters, MPP computes 


the 
input 
codes 
to use and describes 
the expected 
performance 
of the design. 


Program 
BP. In the special case of bandpass 
filters, an 
alternate 
mode of operation 
is the "Multiple 
Feedback 
Technique". 
BP calculates 
the resistor 
values and the 
bandpass 
frequency 
response 
for 
this 
mode. 
An 
advantage 
of 
multiple 
feedback 
is 
that 
identical 


programming 
and one clock 
frequency 
can be used 
for all stages. 


Program 
FR. When a design 
of one or more stages is 


completed, 
FR checks 
the final 
cascaded 
assembly. 


The output 
frequency 
response 
can be compared 
with 
that expected 
from 
PZ. 


______ 
Detailed Description 
'0 and Q Programming 


Figure 
2 shows 
a block 
diagram 
of a complete 
filter. 


Each 2nd-order 
filter section 
has its own clock 
input, 


however, package pin limitations 
require that fo• Q, and 
Mode control 
be shared 
by both sections. 
The actual 


center frequency 
is a function 
of the filter's 
clock 
rate, 


S-bit 
fo control 
word 
(see Table 
2), and 
operating 
Mode. 


For 
some 
filter 
designs, 
the 
MAX263/64/67/68 
may 


require separate clocks 
for each second-order 
section 
since separate 
programming 
inputs 
are not provided. 


Such 
designs 
may 
be 
implemented 
with 
different 


clock 
inputs, 
or. in the case of bandpass 
filters, 
by 


using multiple 
feedback 
and one clock 
(see "Descrip- 


tion 
of Filter 
Functions"). 
When 
implementing 
two or 


more 
matched 
filters, 
however, 
the 
programming 


restrictions 
are easily 
overcome 
and 
one clock 
can 


still be used as demonstrated 
by the design 
example 


in 
Figure 
21. 
Another 
alternative 
is 
to 
use 
the 
MAX260/2611262 
microprocessor 
programmed 
filters 


or the MAX26S/266 
resistor 
programmed 
filters 
which 
allow independent 
programming 
of each filter section. 


Refer to the device 
data sheets for further 
details 
on 
those 
products. 


Pin Programmable 
Universal and Bandpass Filters 


PART 
Q 
MODE 
'CLK 
'0 
MAX2631 
1 
1 
40Hz-4.0MHz 
O.4Hz-40kHz 
267 
1 
2 
40Hz-4.0MHz 
O.5Hz-57kHz 
1 
3 
4OHz-4.0MHz 
O.4Hz-40kHz 
1 
4 
4OHz-4.0MHz 
Oo4Hz-40kHz 


8 
1 
40Hz-2.7MHz 
O.4Hz-27kHz 
8 
2 
40Hz-2.1 MHz 
O.5Hz-30kHz 
8 
3 
40Hz-1.7MHz 
OAHz-17kHz 
8 
4 
40Hz-2.7MHz 
OAHz-27kHz 


64 
1 
4OHz-2.0MHz 
O.4Hz~20kHz 
90 
2 
40Hz-1.2MHz 
O.4Hz-18kHz 
64 
3 
4OHz-1.2MHz 
O.4Hz-12kHz 
64 
4 
40Hz-2.0MHz 
O.4Hz-20kHz 


PART 
Q 
MODE 
'CLK 
'0 
MAX2641 
1 
1 
40Hz-4.0MHz 
100Hz-100kHz 
268 
1 
2 
40Hz-4.0MHz 
104Hz-140kHz 


1 
3 
40Hz-4.0MHz 
1.0Hz-1ookHz 
1 
4 
40Hz-4.0MHz 
1.0Hz-1ookHz 


8 
1 
40Hz-2.5MHz 
1.0Hz-60kHz 
8 
2 
40Hz-1.4MHz 
104Hz-50kHz 
8 
3 
40Hz-1.4MHz 
100Hz-35kHz 
8 
4 
40Hz-2.5MHz 
1.0Hz-60kHz 


64 
1 
40Hz-1.5MHz 
1.0Hz-37kHz 
90 
2 
40Hz-O.9MHz 
104Hz-32kHz 
64 
3 
40Hz-O.9MHz 
100Hz-22kHz 


64 
4 
40Hz-1.5MHz 
100Hz-37kHz 


y- 


GND 


Wl 


OP IN 
OP OUT 


Pin Programmable 


Universal and Bandpass Filters 


felK/fo 
RATIO 
PROGRAM 
CODE 


MAX263/67 
MAX264/68 


MODE 
1,3,4 
MODE 
2 
MODE 
1,3,4 
MODE 
2 
N 
F4 
F3 
F2 
F1 
FO 


100.53 
71.09 
40.84 
28.88 
0 
0 
0 
0 
0 
0 


103.67 
73.31 
43.98 
31.10 
1 
0 
0 
0 
0 
1 


106.81 
75.53 
4712 
33.32 
2 
0 
0 
0 
1 
0 


109.96 
77.75 
·50.27 
35.54 
3 
0 
0 
0 
1 
1 


113.10 
79.97 
53.41 
37.76 
4 
0 
0 
1 
0 
0 


116.24 
82.19 
56.55 
39.99 
5 
0 
0 
1 
0 
1 


119.38 
84.42 
59.69 
42.21 
6 
0 
0 
1 
1 
0 


122.52 
86.64 
62.83 
44.43 
7 
0 
0 
1 
1 
1 


125.66 
88.86 
65.97 
46.65 
8 
0 
1 
0 
0 
0 


128.81 
91.80 
69.12 
48.87 
9 
0 
1 
0 
0 
1 
131.95 
93.30 
72.26 
51.10 
10 
0 
1 
0 
1 
0 


135.08 
95.52 
75.40 
53.31 
11 
0 
1 
0 
1 
1 


138.23 
97.74 
78.53 
55.54 
12 
0 
1 
1 
0 
0 


141.37 
99.97 
81.68 
57.76 
13 
0 
1 
1 
0 
1 
144.51 
102.89 
84.82 
59.98 
14 
0 
1 
1 
1 
0 


14765 
104.41 
8796 
62.20 
15 
0 
1 
1 
1 
1 


150.80 
106.63 
91.11 
64.42 
16 
1 
0 
0 
0 
0 
153.98 
108.85 
94.25 
66.64 
17 
1 
0 
0 
0 
1 


15708 
111.07 
97.39 
68.86 
18 
1 
0 
0 
1 
0 


160.22 
113.29 
100.53 
71.09 
19 
1 
0 
0 
1 
1 


163.36 
115.52 
102.67 
73.31 
20 
1 
0 
1 
0 
0 
166.50 
117.74 
106.81 
75.53 
21 
1 
0 
1 
0 
1 


169.65 
119.96 
109.96 
77.75 
22 
1 
0 
1 
1 
0 
172.79 
122.18 
113.10 
79.97 
23 
1 
0 
1 
1 
1 


175.93 
124.40 
116.24 
82.19 
24 
1 
1 
0 
0 
0 


179.07 
126.62 
119.38 
84.81 
25 
1 
1 
0 
0 
1 


182.21 
128.84 
122.52 
86.64 
26 
1 
1 
0 
1 
0 
185.35 
131.07 
125.66 
88.86 
27 
1 
1 
0 
1 
1 


188.49 
133.29 
128.81 
91.08 
28 
1 
1 
1 
0 
0 
191.64 
135.51 
131.95 
93.30 
29 
1 
1 
1 
0 
1 


194.78 
137.73 
135.09 
95.52 
30 
1 
1 
1 
1 
0 
19792 
139.95 
138.23 
97.74 
31 
1 
1 
1 
1 
1 


Noles: 
1) For the MAX263/67. 
fcLK/fo = 7T(N+32) in Mode 
1. 3, and 4, where 
N varies 
form 
0 10 31. 


2) For the MAX264/68. 
fccK/fo = 7T(N+13) in Mode 
1. 3, and 4, where 
N varies 
0 to 31. 


3) 
In Mode 
2. all fcLK/fo ratios 
are divided 
by ../2. 


Universal 
and Bandpass Filters 


ClQ 
Table 3. Q Program Selection Table (Continued 
on following page) 
CD 


~I' 
CD 


~ 


~ 


~ 
CW) 
CD 


~; 


PROGRAMMED 
0 
PROGRAM 
CODE 


MODE 
1,3,4 
MODE 
2 
N 
06 
05 
04 
03 
02 
01 
00 


Note 4 
Note 4 
0 
0 
0 
0 
0 
0 
0 
0 
0.504 
0.713 
1 
0 
0 
0 
0 
0 
0 
1 
0.508 
0.718 
2 
0 
0 
0 
0 
0 
1 
0 
0.512 
0.724 
3 
0 
0 
0 
0 
0 
1 
1 
0.516 
0.730 
4 
0 
0 
0 
0 
1 
0 
0 
0.520 
0.736 
5 
0 
0 
0 
0 
1 
0 
1 
0.525 
0.742 
6 
0 
0 
0 
0 
1 
1 
0 
0.529 
0.748 
7 
0 
0 
0 
0 
1 
1 
1 


0.533 
0.754 
8 
0 
0 
0 
1 
0 
0 
0 
0.538 
0.761 
9 
0 
0 
0 
1 
0 
0 
1 
0.542 
0.767 
10 
0 
0 
0 
1 
0 
1 
0 
0.547 
0.774 
11 
0 
0 
0 
1 
0 
1 
1 
0.552 
0.780 
12 
0 
0 
0 
1 
1 
0 
0 
0.556 
0.787 
13 
0 
0 
0 
1 
1 
0 
1 
0.561 
0.794 
14 
0 
0 
0 
1 
1 
1 
0 
0.566 
0.801 
15 
0 
0 
0 
1 
1 
1 
1 


0.571 
0.808 
16 
0 
0 
1 
0 
0 
0 
0 
0.577 
0.815 
17 
0 
0 
1 
0 
0 
0 
1 
0.582 
0.823 
18 
0 
0 
1 
0 
0 
1 
0 
0.587 
0.830 
19 
0 
0 
1 
0 
0 
1 
1 
0.593 
0.838 
20 
0 
0 
1 
0 
1 
0 
0 
0.598 
0.846 
21 
0 
0 
1 
0 
1 
0 
1 
0.604 
0.854 
22 
0 
0 
1 
0 
1 
1 
0 
0.609 
0.862 
23 
0 
0 
1 
0 
1 
1 
1 


0.615 
0.870 
24 
0 
0 
1 
1 
0 
0 
0 
0.621 
0.879 
25 
0 
0 
1 
1 
0 
0 
1 
0.627 
0.887 
26 
0 
0 
1 
1 
0 
1 
0 
0.634 
0.896 
27 
0 
0 
1 
1 
0 
1 
1 
0.640 
0.905 
28 
0 
0 
1 
1 
1 
0 
0 
0.646 
0.914 
29 
0 
0 
1 
1 
1 
0 
1 
0.653 
0.924 
30 
0 
0 
1 
1 
1 
1 
0 
0.660 
0.933 
31 
0 
0 
1 
1 
1 
1 
1 


0.667 
0.943 
32 
0 
1 
0 
0 
0 
0 
0 
0.674 
0.953 
33 
0 
1 
0 
0 
0 
0 
1 


0.681 
0.963 
34 
0 
1 
0 
0 
0 
1 
0 
0.688 
0.973 
35 
0 
1 
0 
0 
0 
1 
1 
0.696 
0.984 
36 
0 
1 
0 
0 
1 
0 
0 
0.703 
0.995 
37 
0 
1 
0 
0 
1 
0 
1 


0.711 
1.01 
38 
0 
1 
0 
0 
1 
1 
0 
0.719 
1.02 
39 
0 
1 
0 
0 
1 
1 
1 


0.727 
1.03 
40 
0 
1 
0 
1 
0 
0 
0 
0.736 
1.04 
41 
0 
1 
0 
1 
0 
0 
1 
0.744 
1.05 
42 
0 
1 
0 
1 
0 
1 
0 
0.753 
1.06 
43 
0 
1 
0 
1 
0 
1 
1 
0.762 
1.08 
44 
0 
1 
0 
1 
1 
0 
0 
0.771 
1.09 
45 
0 
1 
0 
1 
1 
0 
1 
0.780 
1.10 
46 
0 
1 
0 
1 
1 
1 
0 
0.790 
1.12 
47 
0 
1 
0 
1 
1 
1 
1 


PROGRAMMED 
0 
PROGRAM 
CODE 


MODE 
1,3,4 
MODE 
2 
N 
06 
05 
04 
03 
02 
01 
00 


0.800 
1.13 
48 
0 
1 
1 
0 
0 
0 
0 
0.810 
1.15 
49 
0 
1 
1 
0 
0 
0 
1 


0.821 
1.16 
50 
0 
1 
1 
0 
0 
1 
0 


0.831 
1.18 
51 
0 
1 
1 
0 
0 
1 
1 


0.842 
1.19 
52 
0 
1 
1 
0 
1 
0 
0 
0.853 
1.21 
53 
0 
1 
1 
0 
1 
0 
1 


0.865 
1.22 
54 
0 
1 
1 
0 
1 
1 
0 


0.877 
1.24 
55 
0 
1 
1 
0 
1 
1 
1 


0.889 
1.26 
56 
0 
1 
1 
1 
0 
0 
0 


0.901 
1.27 
57 
0 
1 
1 
1 
0 
0 
1 


0.914 
1.29 
58 
0 
1 
1 
1 
0 
1 
0 


0.928 
1.31 
59 
0 
1 
1 
1 
0 
1 
1 


0.941 
1.33 
60 
0 
1 
1 
1 
1 
0 
0 


0.955 
1.35 
61 
0 
1 
1 
1 
1 
0 
1 


0.969 
1.37 
62 
0 
1 
1 
1 
1 
1 
0 
0.985 
1.39 
63 
0 
1 
1 
1 
1 
1 
1 


1.00 
1.41 
64 
1 
0 
0 
0 
0 
0 
0 


1.02 
1.44 
65 
1 
0 
0 
0 
0 
0 
1 


1.03 
1.46 
66 
1 
0 
0 
0 
0 
1 
0 
1.05 
1.48 
67 
1 
0 
0 
0 
0 
1 
1 
1.07 
1.51 
68 
1 
0 
0 
0 
1 
0 
0 
1.08 
1.53 
69 
1 
0 
0 
0 
1 
0 
1 
1.10 
1.56 
70 
1 
0 
0 
0 
1 
1 
0 
1.12 
1.59 
71 
1 
0 
0 
0 
1 
1 
1 


1.14 
1.62 
72 
1 
0 
0 
1 
0 
0 
0 
1.16 
1.65 
73 
1 
0 
0 
1 
0 
0 
1 


1.19 
1.68 
74 
1 
0 
0 
1 
0 
1 
0 
1.21 
1.71 
75 
1 
0 
0 
1 
0 
1 
1 


1.23 
1.74 
76 
1 
0 
0 
1 
1 
0 
0 


1.25 
1.77 
77 
1 
0 
0 
1 
1 
0 
1 


1.28 
1.81 
78 
1 
0 
0 
1 
1 
1 
0 


1.31 
1.85 
79 
1 
0 
0 
1 
1 
1 
1 


1.33 
1.89 
80 
1 
0 
1 
0 
0 
0 
0 
1.36 
1.93 
81 
1 
0 
1 
0 
0 
0 
1 


1.39 
1.97 
82 
1 
0 
1 
0 
0 
1 
0 
1.42 
2.01 
83 
1 
0 
1 
0 
0 
1 
1 


1.45 
2.06 
84 
1 
0 
1 
0 
1 
0 
0 


1.49 
2.10 
85 
1 
0 
1 
0 
1 
0 
1 


1.52 
2.16 
86 
1 
0 
1 
0 
1 
1 
0 


1.56 
2.21 
87 
1 
0 
1 
0 
1 
1 
1 


1.60 
2.26 
88 
1 
0 
1 
1 
0 
0 
0 


1.64 
2.32 
89 
1 
0 
1 
1 
0 
0 
1 


1.68 
2.40 
90 
1 
0 
1 
1 
0 
1 
0 


1.73 
2.45 
91 
1 
0 
1 
1 
0 
1 
1 


1.78 
2.51 
92 
1 
0 
1 
1 
1 
0 
0 


1.83 
2.59 
93 
1 
0 
1 
1 
1 
0 
1 


1.88 
2.66 
94 
1 
0 
1 
1 
1 
1 
0 
1.94 
2.74 
95 
1 
0 
1 
1 
1 
1 
1 


Pin Programmable 


Universal and Bandpass Filters 


PROGRAMMED 
0 
PROGRAM 
CODE 


MODE 
1,3,4 
MODE 
2 
N 
06 
05 
04 
03 
02 
01 
00 


2.00 
2.83 
96 
1 
1 
0 
0 
0 
0 
0 


2.06 
2.92 
97 
1 
1 
0 
0 
0 
0 
1 
2.13 
3.02 
98 
1 
1 
0 
0 
0 
1 
0 


2.21 
3.12 
99 
1 
1 
0 
0 
0 
1 
1 


2.29 
3.23 
100 
1 
1 
0 
0 
1 
0 
0 
2.37 
3.35 
101 
1 
1 
0 
0 
1 
0 
1 
2.46 
3.48 
102 
1 
1 
0 
0 
1 
1 
0 
2.56 
3.62 
103 
1 
1 
0 
0 
1 
1 
1 


2.67 
3.77 
104 
1 
1 
0 
1 
0 
0 
0 
2.78 
3.96 
105 
1 
1 
0 
1 
0 
0 
1 
2.91 
4.11 
106 
1 
1 
0 
1 
0 
1 
0 


3.05 
4.31 
107 
1 
1 
0 
1 
0 
1 
1 
3.20 
4.53 
108 
1 
1 
0 
1 
1 
0 
0 
3.37 
4.76 
109 
1 
1 
0 
1 
1 
0 
1 
3.56 
5.03 
110 
1 
1 
0 
1 
1 
1 
0 
3.76 
5.32 
111 
1 
1 
0 
1 
1 
1 
1 


PROGRAMMED 
0 
PROGRAM 
CODE 


MODE 
1,3,4 
MODE 
2 
N 
06 
05 
04 
03 
02 
01 
00 


4.00 
5.66 
112 
1 
1 
1 
0 
0 
0 
0 


4.27 
6.03 
113 
1 
1 
1 
0 
0 
0 
1 


4.57 
6.46 
114 
1 
1 
1 
0 
0 
1 
0 


4.92 
6.96 
115 
1 
1 
1 
0 
0 
1 
1 


5.33 
7.54 
116 
1 
1 
1 
0 
1 
0 
0 


5.82 
8.23 
117 
1 
1 
1 
0 
1 
0 
1 


6.40 
9.05 
118 
1 
1 
1 
0 
1 
1 
0 


7.11 
10.1 
119 
1 
1 
1 
0 
1 
1 
1 


8.00 
11.3 
120 
1 
1 
1 
1 
0 
0 
0 


9.14 
12.9 
121 
1 
1 
1 
1 
0 
0 
1 


10.7 
15.1 
122 
1 
1 
1 
1 
0 
1 
0 


12.8 
18.1 
123 
1 
1 
1 
1 
0 
1 
1 


16.0 
22.6 
124 
1 
1 
1 
1 
1 
0 
0 


21.3 
30.2 
125 
1 
1 
1 
1 
1 
0 
1 


32.0 
45.3 
126 
1 
1 
1 
1 
1 
1 
0 


64.0 
90.5 
127 
1 
1 
1 
1 
1 
1 
1 


Noles: 
5} In Modes 
1, 3, and 4: Q = 64/(128-N} 


6) In Mode 
2, lhe listed 
Q values 
are lhose 
of Mode 
1 multiplied 
by ,;2. Then 
Q = 90.51/(128-N} 


osc 
OUT 


N.C. 


Oscillator and Clock Inputs 


The 
clock 
circuitry 
of 
lhe 
MAX263/64/67/68 
can 
operate 
with a crystal 
or an external 
clock 
generator 
as shown 
in Figure 
3. The duty 
cycle 
of the clock 
at 
CLKA 
and CLKs 
is unimportant 
because 
the input 
is 


internally 
divided 
by two 
to generate 
the 
sampling 


clock 
for each 
filter 
section. 
It is important 
to note 


that this internal 
division 
also halves the sample 
rate 
when considering 
aliasing 
and other sampled 
system 
phenomenon. 


Shutdown Mode 


The filter 
enters a shutdown 
mode when all 0 inputs, 


00-06. 
are tied 
low. When 
shut 
down, 
power 
con- 


sumption 
with ±5V supplies 
typically 
drops to 25mW. 


When reactivating 
the filter after shutdown, 
allow 2ms 


to return 
to full operation. 


Filter Opel'llting Modes 


_____ 
(MAX263/264 Only) 


The 
MAX263/264's 
filter 
sections 
can be configured 


in four 
basic "Modes" 
as selected 
by inputs 
MO and 


M1 (see Table 4). The 
MAX267/68 
operates 
only 
in 


Mode 
1. A fifth 
mode, 
3A. uses an external 
op amp 


and resistors 
but is selected 
the same way and uses 


the same internal 
configuration 
as Mode 3. 


Figures 4 through 
8 show symbolic 
representations 
of 


the MAX263/64 
filter 
modes. 
Only 
one second-order 


section 
is shown 
in each case, however 
the fo, 0, and 


Mode select inputs 
are common 
to both halves of the 


IC. The fo. fN (notch). 
O. and various 
output 
gains for 


each mode are shown 
in Table 4. 


Filter Mode Selection 


All operating 
modes listed in this section 
can be used Ell 
with 
the MAX263/64. 
The MAX267/28 
bandpass 
filter 


operates 
only 
in Mode 
1. 


MODE 
1 (Figure 
4) is useful 
when 
implementing 
all- 


pole lowpass and bandpass filters such as Butterworth, 
Chebyshev. 
Bessel. etc .. It can also be used for notch 


filters. 
but 
only 
second-order 
notches 
because 
the 


relative 
pole 
and 
zero 
locations 
are 
fixed. 
Higher 


order 
notch 
filters 
require 
more latitude 
in fo and fl'j. 


which 
is why they are more easily 
implemented 
with 


Mode 3A. 
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FILTER 
HON1 
HON2 
MODE 
M1, MO 
FUNCTIONS 
10 
Q 
IN 
HOLP 
HOBP 
(I - 
0) 
(I - ICLX/4) 
OTHER 


1 
0, 0 
LP,BP,N 
fo 
-1 
-0 
-1 
-1 


2 
0,1 
LP,BP,N 
N 
C'l 
foV2 
-0.5 
-0/V2 
-0.5 
-1 
w 
·w 
3 
1,0 
LP,BP,HP 
... 
... 
-1 
-0 
HOHP= -1 
lD 
lD 


3A 
1,0 
LP,BP,HP, N 
~ 
~ 
10~ 
-1 
-0 
RG 
RG 
HOHP= -1 
+- 
+- 
W 
W 
Rl 
Rl 
RH 
W 
W 
In 
In 
-20 
HOAP= -1 
4 
1,1 
LP,BP,AP 
-2 
fz = fo' Oz = 0 


Notes: 
fo = Center Frequency 
fN = Notch Frequency 
HOlP = Lowpass Gain at DC 
Hoap = Bandpass Gain at fo 
HOHP= Highpass Gain as f approaches fclK/4 


Mode 
1, along 
with 
Mode 
4, supports 
the 
highest 


clock 
frequencies 
(see Table 
1) because 
the 
input 


summing 
amplifier 
is outside 
the filter's 
resonant 
loop 


(Figure 
4). The gain of the lowpass and notch outputs 


is 1, while 
the bandpass 
gain at the center 
frequency 


is O. For bandpass 
gains other than 0, the filter 
input 


or 
output 
can 
be 
scaled 
by 
a resistive 
divider 
or 


op amp. In multiple 
feedback 
filters, the gain is set by 


the feedback 
resistors. 


Figure 
4. Filter 
Mode 
1: Second-Order 
Bandpass. 


Lowpass 
and Notch 


MODE 2 (Figure 
5) is used for all-pole 
lowpass 
and 


bandpass 
filters. 
Key advantages 
compared 
to Mode 


1 are 
higher 
available 
Os 
(see Table 
3) and 
low~ 


output 
noise. Mode 2's available 
fQLK/fo ratios are '1/2 


less than with Mode 1 (see Table 2) so a wider overall 
range of fos can be selected 
from a single clock 
when 


both 
modes 
are used together. 


MODE 3 (Figure 
6) is the only mode which 
produces 


high-pass 
filters. 
the 
maximum 
clock 
frequency 
is 


somewhat 
less than with 
Mode 
1 (see Table 1). 


MODE 3A (Figure 
7) 
uses 
a separate 
op 
amp 
to 


sum 
the 
high pass and 
lowpass 
outputs 
of Mode 
3, 


HON1= Notch Gain as f approaches DC 
HON2= Notch Gain as f approaches fClK/4 
HOAP= Allpass Gain 
fz, Oz = f and 0 of Complex Pole Pair 


creating 
a separate 
notch 
output. 
This output 
allows 


the notch 
to be set independently 
of fo by adjusting 
the op amp's feedback 
resistor 
ratio (RH, All· RH, RL, 


and R(3 are external 
resistors. 
Because 
the notch 
can 


be inoependently 
set, Mode 
3A is also 
useful 
when 
designing 
pole-zero 
filters 
such 
as elliptics. 


Figure 
5. Filter 
Mode 2: Second-Order 
Bandpass, 


Lowpass 
and 
Notch 


Figure 
6. Filter 
Mode 3: Second-Order 
Bandpass. 


Lowpass 
and 
Highpass 
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Figure 
Z 
Filter 
Mode 
3A: Second-Order 
Bandpass, 


Lowpass, 
Highpass 
and Notch. 
For elliptic 
Lp, 
Bp, HP and 
Notch, 
the N output 
is used. 


MODE 
4 (Figure 
8) is the only mode that provides 
an 
all pass output. This is useful when implementing 
group 
delay equalization. 
In addition 
to this, Mode 4 can also 
be 
used 
in 
all 
pole 
lowpass 
and 
bandpass 
filters. 


Along 
with Mode 1, it is the fastest operating 
mode for 


the filter, although 
the gains are different 
than in Mode 


1. When the all pass function 
is used, note that some 
amplitude 
peaking 
occurs 
(approximately 
0.3dB when 
o = 8) at fa. Also note that 10 and 0 sampling 
errors 
are highest 
in Mode 4 (see Figure 
17). 


Figure 
8. Filter 
Mode 4: Second-Order 
Bandpass, 


Lowpass 
and AI/pass 


BANDPASS 
(Figure 
9) 


For all pole bandpass and lowpass filters (Butterworth, 
Bessel, Chebyshev) 
use Mode 1 if possible. 
If appro- 


priate fClK/fo 
or 0 values are not available 
in Mode 1, 


Mode 
2 may provide 
a selection 
that 
is closer 
to the 


required 
values. 
Mode 
1 however 
has 
the 
highest 


bandwidth 
(see Table 1). For pole-zero 
filters 
such as 


elliptics 
see Mode 3A. 


G(s) - H 
s(wc!O) 


- 
oSP S2 + s(wc!O) 
+ wo2 


Hosp 
= Bandpass 
output 
gain at w = Wo 


fa = 
Wc!2TT = The center frequency 
of the complex 


pole pair. Input-output 
phase shift 
is -180° 
at 


fa· 


o = 
The quality 
factor 
of the complex 
pole 
pair. 


Also the ratio of fa to -3dB 
bandwidth 
of the 


second-order 
bandpass 
response. 


LOWPASS See Bandpass 
text. 
(Figure 
10) 
w 
2 


G(s) - H 
0 
- 
OlP S2 + s(wc!O) 
+ wo2 


HolP 
= Lowpass 
output 
gain at DC 


fa = 
wol2TT 


HIGHPASS 
(Figure 
11) 


Mode 
3 is the only 
mode 
with 
a highpass 
output. 
It 


will work 
for all pole filter 
types such as Butterworth, 


Bessel 
and Chebyshev. 
Use mode 
3A for filters 
em- 


ploying 
both poles and zeros such as elliptics. 


S2 


G(s) 
= HOHPS2 + s(wc!O) 
+ wo2 


HOHP = Highpass 
output 
gain as f approaches 
fClK/4 


fa = 
wol2TT 


[ 
_ 
0.707 Hesp 


__ 
Description of Filter Functions 


The MAX263/64 
performs 
all filter 
functions 
listed 
in 


this 
section. 
The 
MAX267/68 
operates 
only 
as 
a 
bandpass 
filter. 
/"I/JXI/"I 
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HOp 


- 
HOlP 
~- 
_ 
0.707 
HOlP 
Z;;: 
Cl 


fp=lo J 1-~ 


1 


1~ 
aV1-~ 


Ie = 10 • [J 
(1 _~) 
+ J 
(1 _ ~)2 
+ 1 
]-' 


fp=fo' [N l' 


1 


1~aV 
1-~ 


NOTCH 
(Figure 
12) 


Mode 3A is recommended 
for multi-pole 
notch 
filters. 


In 2nd order 
filters, 
Mode 
1 can also 
be used. The 


advantages 
of Mode 1 are higher bandwidth 
compared 


to mode 
3 (Higher 
fN can be implemented) 
and 
no 


need for 
external 
components 
as required 
in Mode 


3A. 


S2 + w 2 


G(s) - H 
n 
- 
ON2 S2 + S(walO) 
+ wo2 


HON2 = Notch 
output 
gain as f approaches 
fCLK/4 


HON1 = Notch 
output 
gain as f approaches 
DC 


fn = 
wn/2Tr 


HON2 


HON1 
[ 


Z;;: 
Cl 


HON 


ALL PASS 


Mode 4 is the only configuration 
in which 
an all pass 


function 
can be realized. 


S2 - s(walO) 
+ w 2 


G(s) - H 
0 
- 
OAP S2 + s(walO) 
+ wo2 


HoAP 
= All pass output 
gain for DC < f < fcLK/4 


fa = 
Wol2Tr 


_____ 
Fi/ter Design Procedure 


The procedure 
for most filter designs 
is to first convert 


the required 
frequency 
response 
specifications 
to fos 


and Os for the appropriate 
number 
of second-order 


sections 
that 
implement 
the filter. 
This can be done 


by using design 
equations 
or tables 
in available 
liter- 


ature, or can be conveniently 
calculated 
using Maxim's 


filter 
design 
software. 
Once the fa and Os have been 


found, 
the next 
step 
is to turn 
them 
into 
the digital 


program 
coefficients 
required 
by the filter. 
An oper- 


ating 
Mode 
and 
clock 
frequency 
(or 
clock/center 


frequency 
ratio) 
must also be selected. 


Next, 
if the 
sample 
rate 
(fCI.K/2) 
is low 
enough 
to 


cause significant 
errors, the selected f05 and Os should 


be corrected 
to account 
for sampling 
effects 
by using 


Figure 
17 or Maxim's 
design 
software. 
In most cases, 


the sampling 
errors 
are small 
enough 
to require 
no 


correction, 
i.e. less than 
1%. In any 
case, 
with 
or 


without 
correction, 
the required 
!Qs and Os can then 


be selected 
from Tables 
2 and 3. Maxim's 
filter design 


software 
can also perform 
this last step. The desired 


fos and 
Os are stated, 
and 
the 
appropriate 
digital 


coefficients 
are supplied. 
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Multiple Feedback Bandpass Filters 


An 
alternate 
implementation 
of 
all-pole 
bandpass 


filters 
(Le. 
Butterworth, 
Chebyshev) 
requires 
only 
one clock and common 
programming 
for all second- 


order 
sections. 
This 
can 
be 
useful 
with 
MAX26X 
pin-programmed 
filters 
since the two 
second-order 
halves must 
be programmed 
with 
the same fCLK/fo 
ratio and Q (although 
they may use different 
clocks). 


As shown 
in Figure 
13, external 
resistors 
connect 


the outputs 
of cascaded filter sections to a summing 
op-amp 
at the input. 
Since each 2nd-order 
section 


inverts (gain = -Q) the output from odd numbered sec- 
tions 
(except 
for the first) 
must 
be inverted 
before 
being 
fed 
back 
as 
in 
the 
8th-order 
example 
in 
Figure 
13. The MAX267/68 
has an on-chip 
amplifier 


for this purpose but the MAX263/64 requires external 
op-amp(s). 


In multiple 
feedback filters, the bandpass response is 
a function 
of the clock, fGl-K/foratio, Q, and feedback 


resistor 
ratios. 
In Table 5, constants 
for calculating 
resistor 
ratios 
in common 
bandpass 
configurations 
are listed. 
Maxim's 
filter 
design 
program 
"BP" 
also 
selects 
resistors 
for 
multiple 
feedback 
bandpass 
designs. A 4th-order 
design example (Figure 13) best 
illustrates 
how Table 5 is used. 


Multiple Feedback Example 


Requirements: 
4th-order 
Chebyshev 
with 1 dB pass- 
band ripple, fa = 10kHz, and bandwidth 
(BW) = 2kHz. 


1) The overall filter Q is QF = fo/BW = 10kHz/2kHz = 5 


Table 5. Multiple Feedback 
Bandpass Filter Constants 


2) From Table 5: Ka = 1.8219 


3) The Q of each 2nd-order 
selection 
is QR = QF X Ka 


= 5 x 1.8219 = 9.09 


4) RF is selected, 
10kO is a convenient 
value. 


5) R2 = 
K2RF(QR/2)2 
= 
1.5039 x 
10k x 
(9.109/2)2 


= 39.19k 
In higher order filters, the general equation 
is: 


RN = KNRF(QR/2)N 


6) Ro sets the overall gain, A: Ro = K8RF(QB/2)2/A, so 


for a gain of 1: Ro = 1.0930 x 1 k x (9.109/2)2/1 
= 226.8k. In higher order filters the general equation 
is Ro = KoRF(QR/2)M where M = (order of filter)/2. 


7) The 
filter 
fa can 
be programmed 
using 
a wide 


range of clock 
frequencies 
and fcLK/fo ratios. 
If 


fCL..K= 1MHz, then 
fClli/fo 
= 100 (code 
00000 = 


100.53) results in fa = 10kHz. 


8) A 2.5pF to 10pF capacitor 
may be required across 


R2 to prevent response peaking. 


Cascading Filters 


In some designs, 
such as very narrow 
band filters, 


several 
second-order 
sections 
with 
identical 
center 


frequency 
may be cascaded 
without 
multiple 
feed- 


back. The total Q of the resultant 
filter 
is: 


Total QT = 
Q 


V(21/N 
- 1) 
Q is the Q of each individual 
filter section, 
and N is 


the number 
of sections. 
In Table 5, the total 
Q and 


TYPE 
(RIPPLE) 
ORDER 
KO 
K2 
K3 
K4 
KQ 


Butterworth 
4 
2.סס OO 
4.0000 
1.4142 
(3.0 dB) 
6 
2.3704 
2.6667 
9.1429 
1.5000 


8 
2.9142 
2.000 
5.8284 
14.315 
1.5307 


Chebyshev 
4 
1.6983 
2.9512 
0.8430 


(0.1 dB) 
6 
1.3183 
1.2137 
4.5125 
1.5473 


8 
0.7986 
0.5782 
1.8809 
2.0343 
2.2176 


Chebyshev 
4 
1.5757 
2.5998 
1.0378 
(0.2 dB) 
6 
1.1128 
0.9894 
3.7271 
1.8413 


8 
0.5891 
0.4551 
1.4954 
1.3309 
2.6057 


Chebyshev 
4 
1.3405 
2.0161 
1.4029 
(0.5 dB) 
6 
0.8143 
0.6897 
2.6447 
2.3944 


. 
8 
0.3389 
0.3040 
1.0114 
0.6365 
3.3406 


Chebyshev 
4 
1.0930 
1.5039 
1.8219 
(1.0 dB) 
6 
0.5822 
0.4756 
1.8475 
3.0354 


8 
0.1869 
0.2038 
0.6840 
0.3002 
4.1981 


Chebyshev 
4 
0.9192 
1.1934 
2.1688 


(1.5 dB) 
6 
0.4515 
0.3616 
1.4145 
3.5705 


Chebyshev 
4 
0.7850 
0.9767 
2.4881 


(2.0 dB) 
6 
0.3641 
0.2878 
1.1308 
4.0660 


Chebyshev 
4 
0.6769 
0.8148 
2.7962 


(2.5 dB) 
6 
0.3005 
0.2353 
0.9275 
4.5462 


Chebyshev 
4 
0.5875 
0.6886 
3.1013 


(3.0 dB) 
6 
0.2519 
0.1959 
0.7739 
5.0231 
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Total Sections 
Total B.W. 
Total a 


1 
1.000 B 
1.00 Q 


2 
0.644 B 
1.55 Q 


3 
0.510 B 
1.96 Q 


4 
0.435 B 
2.30 Q 


5 
0.386 B 
2.60 Q 


Note: 
B = individual 
stage bandwidth, 
Q = individual 
stage Q. 


bandwidth 
are listed 
for up to five identical 
second- 
order 
sections. 
B is the bandwidth 
of each section. 


In high order bandpass 
filters that do not use multiple 


feedback, 
stages 
with 
different 
fos and as 
may also 


be cascaded. 
When 
this 
happens 
the 
overall 
filter 


gain at the bandpass 
center 
frequency 
is not simply 


the product 
of the individual 
gains 
because 
fos, the 


frequency 
where 
each section's 
gain 
is specified, 
is 


different 
for each second-order 
section. 
The gain of 


each section 
at the cascaded 
filter's 
center frequency 


must 
be determined 
to obtain 
the total 
gain. 


For all-pole 
filters the gain, H(fo), at each second-order 


section's 
fa is divided 
by an adjusmlent 
factor, 
G, to 


obtain that section's 
gain, H(foBP), at the overall center 


frequency: 


H,(foBP) = H(f01)/G, 
= Section 
1's Gain at fOBP 
a,[(F,2 
- 1)2 + (F,/a,)2)V2 


G, = --------- 
F, 


where 
F, = f01/foBP 


G" 
a" 
and f01 are the gain adjustment 
factor, 
a, and 


!o for the first of the cascaded 
second-order 
sections. 


The 
gain 
of the other 
sections 
(2, 3 etc.) 
at foBP is 


determined 
the same way. The overall 
gain 
is: 


H(foBP) = H, (fOBP)x H2(foBP) x etc. 


For cascaded 
filters 
with 
zeros 
(fz) such 
as elliptics, 


the gain adjustment 
factor 
for each stage is: 


a,[Fz,2 
- F,2) [(F,2 - 1)2 + (F,/a,)2)'h 
G, = ------------- 


F,2(Fz,2 - 1) 


where 
Fz, = fz,/foBP, and F, is the same as above. 


#, 
#2 


4TH·ORDER 
MULTIPLE 
FEEDBACK 
BANDPASS 
(R VALUES 
IN ( ) ARE 
FOR 
DESIGN 
EXAMPLE 
IN TEXT) 


R2 


, 
C2 
' 


RF 
I..---H---J 


C2-C.: 
2.5pF TO 10pF FEEDBACK 
CAPACITORS 
ARE 
SOMETIMES 
NEEDED 
TO 
PREVENT 
RESPONSE 
PEAKING. 


~~ 
~#2 


8TH·ORDER 
MULTIPLE 
FEEDBACK 
BANDPASS 


NOTE: 
IN MULTIPLE 
FEEDBACK 
FILTERS, 
ALL 
2ND·ORDER 
SECTIONS 
USE 
THE 
SAME 
fCLK, fCLK/fo 
RATIO, 
AND 
Q. 
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_______ 
Appllcation Hints 
Pow., Suppll •• 


The MAX263/64/67/68 
can be operated with a variety 
of power supply configurations 
including 
+5V to +12V 
single supply, or ±2.5V to ±6V dual supplies. When a 
single 
supply 
is used, 
V' 
is connected 
to system 
ground 
and the filter's 
GND pin should 
be biased at 
V+/2. 
The 
input 
signal 
is then 
either 
capacitively 


coupled 
to the filter input or biased to V+/2. Figure 14 


shows circuit connections 
for single supply operation. 


Power consumption 
at ±5V is reduced 
if ClKA 
and 
ClKs 
are driven with ±5V, rather than TTl 
or 0 to 5V 
levels. 
Operation 
with 
+5V or ±2.5V 
power 
lowers 


power 
consumption 
but also reduces 
bandwidth 
by 
approximately 
25% compared to +12V or ±5V supplies. 


Best performance 
is achieved if V+and V' are bypassed 


to ground 
with 
4.7JJF electrolytic 
(Tantalum 
is pre- 


ferred.) 
and O.1JJFceramic 
capacitors. 
These should 
be located 
as close to the supply 
pins as possible. 


The lead length 
of the bypass capacitors 
should 
be 
shortest 
at the V+ and V' pins. When using a single 
supply 
V+ and 
GND 
should 
be bypassed 
to V' as 
shown 
in Figure 14. 


--- 
5V I 
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rvJ7~ 
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L TO GND 
PIN 
OR 
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MAX268 


GND 


OUlpuI Swing and Clipping 


MAX26X 
outputs 
are designed 
to 
swing 
to within 


O.15Vof each supply 
rail with a 10kCl load. 


To ensure that the outputs are not driven beyond their 
maximum range (output clipping), 
the peak amplitude 


response, individual section gains (Hosp, HOLP, HoHP). 
input 
signal 
level, and filter 
offset 
voltages 
must be 


carefully 
considered. 
It 
is especially 
important 
to 


check UNUSED outputs 
for clipping 
(Le. the lowpass 


output 
in a bandpass 
hookup) 
because 
overload 
at 


ANY filter stage severely distorts the overall response. 
The maximum 
signal swing with ±4.75V supplies and 


a 1.0V filter offset is approximately 
±3.5V. 


For example lets assume a fourth-order 
lowpass filter 


is being 
implemented 
with 
a Q of 2 using 
Mode 
1. 


With a single 
5V supply 
(Le. ±2.5V 
with 
respect 
to 


chip GND) the maximum 
output 
signal 
is ±2V (w.r.t. 


GND). 
Since 
in Mode 
1 the maximum 
signal 
is Q 


times the input 
signal, the input should 
not exceed 


±(2/Q)V, 
or ±1V in this case. 


----5V 


0( VIN 
rv 
---ov 
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A lV/DIV. 


OV 


* C,1000pF 


Clock Feedthrough and Noi.e 


Typical 
wideband 
noise for MAX26X 
series devices 
is 
0.5mVpp 
from 
DC to 
100kHz. 
The 
noise 
is virtually 


independent 
of clock 
frequency. 
In multistage 
filters, 


the section 
with the highest 
Q should 
be placed 
first 


for lower 
output 
noise. 


The output 
waveform 
of the MAX26X series and other 
switched 
capacitor 
filters appears as a sampled 
signal 
with stepping 
or "staircasing" 
of the output 
waveform 
occurring 
at the 
internal 
sample 
rate 
(fCLt</2). This 
stepping, 
if objectionable, 
can be removed 
by adding 
a single 
pole 
RC filter. 
With 
no 
input 
signal, 
clock 


related feedthrough 
is approximately 
8mVpp' 
This can 
also 
be attenuated 
with 
an RC smoothing 
filter 
as 
shown 
with the MAX263 
in Figure 
15. 


Input Impedance 


The 
filter 
input 
model 
is shown 
in Figure 
16. Input 
capacitor 
CA is shunted 
by CB which 
is switched 
at 
one half the input clock frequency 
(F8LK/2). The input 


impedance 
is described 
by: R1N = 2/( 
'A x fcLK). There 


is also 
a fixed 
stray 
capacitance 
of 
about 
5pF 
to 
ground. 


Digital Inputs 


Filter 
programming 
is accomplished 
by tying 
input 
pins MO, M1, FO-F4, and QO-Q6 to high or low voltage 
levels, 
typically 
V+ and 
V-. Inputs 
are not 
internally 
pulled 
up or down 
so these 
inputs 
must 
not be left 
unconnected. 
Input 
thresholds 
are guaranteed 
to be 
no higher 
than V+ -0.5V and no lower than V' +0.5V. If 
pull-up 
resistors 
are used with 
switches 
at the pro- 
gramming 
inputs 
as might 
be the case 
in prototype 


breadboards, 
the pUll-Up resistors 
should 
be no more 
than 3.3kn. 
'0 and Q at Low Sample Rate. 


When 
low fCI-K/fO ratios 
and 
low Q settings 
are se- 
lected, deviation 
from ideal continuous 
filter 
response 
may 
be noticeable 
in some 
designs. 
This 
is due to 
interaction 
between 
Q, and fa at low fcLK/fo ratios and 
Qs. The data in Figure 
17 quantifies 
these differences. 


Since 
the errors 
are predictable, 
the graphs 
can 
be 
used 
to 
correct 
the 
selected 
fa and 
Q so that 
the 
actual 
realized 
parameters 
are on target. 
These 
pre- 
dicted errors are not unique to MAX26X series devices 
and 
in fact 
occur 
with 
all 
sampled 
filters. 
Conse- 


quently, 
these 
corrections 
can 
be applied 
to 
other 
switched-capacitor 
filters. 
In the 
majority 
of cases, 


the errors 
are not significant, 
Le. less than 
1%, and 
correction 
is not 
needed. 
However, 
the 
MAX264/68 
does employ 
a lower 
range of fCLK/fo ratios 
than the 
MAX263/67 
and is more prone 
to sampling 
errors 
as 
the tables show. 


Maxim's 
filter 
design 
software 
applies 
the 
previous 
corrections 
automatically 
as a function 
of 
desired 
fcLK/fo, 
and Q. Therefore, 
Figure 
17 should 
NOT 
be 
used when Maxim's software 
determines 
fa and Q. This 
results 
in overcompensation 
of the 
sampling 
errors 
since the correction 
factors 
are then counted 
twice. 


The data plotted 
in Figure 
17 applies 
for Modes 1 and 
3. When 
using 
Figure 
17 for 
Mode 
4, the 
fa error 
obtained 
from 
the graph 
should 
be multiplied 
by 1.5 
and the Q error should 
be multiplied 
by 3.0. In ,Mode 
2 the value of fcLK/fo should 
be multiplied 
by- "';2 and 
the programmea 
Q should 
be divided 
by .J2 before 
using 
the graphs. 
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Q error 
is plotted 
for Modes 
1 and 3 
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by V2and 
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Q by "';2 before 
ullng 
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4: Multiply 
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by 3.0 


Figure 
1Z 
Sampling 
Errors 
in fCLK/fo and 
Q at Low 
fCLK/fo 


and Q Settings 


Alia.ing 


As with 
all sampled 
systems, 
frequency 
components 


of the input 
signal 
above 
one half the sampling 
rate 


will be aliased. 
In particular, 
input signal components 


near the sampling 
rate generate difference 
frequencies 


that often 
fall within 
the passband 
of the filter. Such 


aliased 
signals, 
when 
they 
appear 
at the output, 
are 


indistinguishable 
from 
real 
input 
information. 
For 


example, 
the aliased 
output 
signal 
generated 
when a 


99kHz 
waveform 
is applied 
to 
a filter 
sampling 
at 
100kHz, (fcLK = 200kHz) 
is 1kHz. This waveform 
is an 


attenuated 
version 
of 
the 
output 
that 
would 
result 


from 
a true 
1kHz 
input. 
Remember 
that 
with 
the 


MAX26X 
series filters, 
the nyquist 
rate (one 
half the 


sample 
rate) is in fact fcLK/4 because fCLK is internally 


divided 
by two. 


A simple 
passive 
RC lowpass 
input 
filter 
is usually 


sufficient 
to remove 
input frequencies 
that can cause 


aliasing. 
In many cases the input 
signal 
itself may be 


band limited 
and require 
no special anti-alias 
filtering. 


The 
wideband 
MAX264/68 
uses 
lower 
fCLK/fo ratios 


than the MAX263/67 
and for this reason is more likely 


to require 
input filtering 
than the MAX263 or MAX267. 


D'imming DC OHMt 


The DC offset 
voltage 
at the LP or Notch 
output 
can 


be adjusted 
with the circuit 
in Figure 
18. This circuit 


also 
uses the 
input 
op-amp 
to 
implement 
a single 


pole 
anti-alias 
filter. 
Note 
that 
the 
total 
offset 
will 


generally 
be less in multistage 
filters 
than when only 


one 
section 
is used 
since 
each 
offset 
is typically 


negative 
and each section 
inverts. When the HP or BP 


outputs 
are 
used, 
the 
offset 
can 
be 
removed 
with 


capacitor 
coupling. 


+5V] 


100kn 
OFFSET 
TRIM 
-5V 
GAIN = -R,/R. 


1 
fLP = 21TR,C, 


Figure 
18. 
Circuit 
for DC Offset 
Adjustment 


________ 
Design Examples 


4th-Order 


Multiple Feedback Sandpa•• -MAX268 


In Figure 
19, a pin-programmed 
MAX268 operates 
as 


a 4th-order 
50kHz Chebyshev 
bandpass. 
The specifi- 


cations 
are: 


Center 
frequency 
(f8) = 50kHz 
Pass bandwidth 
= 1 kHz 
Max. passband 
ripple = 0.1dB 
Gain at center 
freq. 
= 1VIV 


Two identical 
2nd-order 
sections 
and the internal 
op 


amp 
are used 
with 
multiple 
feedback. 
The 
general 


form 
is as in Figure 
13. Maxim's 
design 
program, 
Bp, ImI 


generates the programming 
codes and feedback 
resis- 


tor values. 
With 
a 2.5MHz 
crystal 
clock 
the 
realized 


parameters 
are: 


Center 
frequency 
= 50.305kHz 
Pass Bandwidth 
= 10.07kHz 
Programmed 
f.cLK/fo ratio 
= 50.27 (N = 3) 


Programmed 
Q = 4.27 (N = 113) 
(desired 
Q = 4.215) 


Actual 
Q (with 
error 
correction) 
= 4.21 
Resistors: 
R2 = 131kO, Ro = 75kO, RF = 10kO 
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Figure 
19. 
4th-Order 
50kHz 
Chebyshev 
Bandpass 
Using 


Multiple 
Feedback 


Other 
clock 
rates and fcLK/fo ratios can be chosen 
to 
implement 
the 
same 
filter, 
but 
larger 
f~LK/fo ratios 
provide 
performance 
closer to the ideal. capacitor 
C2 
may 
be needed 
to prevent 
response 
peaking 
at the 
passband 
edge. 
In this example 
C2 = 2.5pF. 


Multiple 
feedback 
can also be extended 
to 8th-order 
designs 
while still using one clock 
by adding 
a second 
MAX268 
and 
2 additional 
feedback 
resistors. 
These 
can also be calculated 
with the design 
program, 
BP. 
Note that for filter order above 4, the feedback 
signal 
from odd filter sections 
is inverted before it is summed 


(see Figure 
13). 
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4th-Ord., BlInd"... 
(No Multlpl. FHdbllck)-MAX2tSB 


Without 
multiple 
feedback, 
the previous 
example 
can 
be implemented 
with 
no external 
components, 
how- 


ever separate 
clocks 
are required 
for ClKA 
and ClKs 
(Figure 
20). The target specifications 
are the same as 
before. 
The realized 
parameters 
are now: 


ClKA 
= 1.89MHz, ClKs 
= 2.5MHz 
Center 
frequency 
= 50kHz 
Pass bandwidth 
= 10kHz 
Programmed 
fc.LK/fo ratio 
= 43.98 (N = 1) 
Programmed 
U 
= 4.27 
(N 
= 113) (desired 
Q 
4.215) 
Actual 
Q (with 
error 
correction) 
= 4.2 


With the chosen 
fcu<!fo ratio, a crystal 
may be used at 
ClKA 
while a divided 
system clock, 
if available 
(2.5, 5, 
10, or 20M Hz), drives ClKs. 
This is suggested 
because 
ClKA 
has internal 
circuitry 
to drive 
a crystal 
while 
ClKs 
does 
not. 
Other 
clock 
sources 
may 
be used 
with 
a different 
programmedfcLK/fo 
as long 
as the 
ratio 
between 
ClKA 
and 
ClKs 
remains 
the 
same 
as above. 
Another 
advantage 
of this 
circuit 
is that 
higher 
center 
frequencies 
can be achieved 
relative 
to 
equivalent 
multiple 
feedback 
designs 
because 
lower 
Q sections 
are used compared 
to multiple 
feedback. 
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In Figure 
21, two 
Butterworth 
lowpass 
filters 
are set 


up to accurately 
track 
each other. 
By "splitting" 
two 


MAX263s only one clock 
is needed. The specifications 


are: 


Cutoff 
frequency 
= 3kHz 


fj)A = f06 = 3kHz 
UA = 1.307, Os = 0.541 


These 
values 
can 
be programmed 
directly 
into 
the 


filter. 
However, 
since the Os are low, sampling 
errors 
may be large enough to deserve attention. 
From Figure 


17, if fcLK/fo is near 130 (fcL~ is 400kHz), 
fOAand fOEl 


will 
be about 
4% and 1.5% high 
respectively. 
0A and 
Os will be 1.2% and 0.5% low. These errors may not be 
large enough 
to worry 
about 
but are corrected 
here 


(within 
the programming 
resolution 
of the MAX263) 
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by the filter design 
programs 
PZ and MPP. fOAand f~t;l 


are programmed 
to different 
values (NA = 11, Ns = 12) 


for this 
reason. 


Mode 
1, ClK...A = ClKs 
= 400kHz 


fCl,K/foA = 135.08, N = 11 
(target 
fOA= 2961Hz, actual 
= 3008Hz) 
fCl,K/fos = 138.23, N = 12 
(target 
foa = 2894Hz, actual 
= 3015Hz) 


0A = 1.31, N = 79 (actual o.t. = 1.30) 
Os = 0.547, N = 11 (actual 
UA = 0.542) 


Pin Programmable 
Universal and Bandpass Filters 


_ 
Ordering 
Information 
(continued) 


PART 
TEMP. RANGE 
PACKAGE· 
ACCURACY 


MAX264AEPI 
-40·C 
to +85·C 
Plastic 
DIP 
1% 


MAX264BEPI 
-40·C 
to +85·C 
Plastic 
DIP 
2% 


MAX264ACWI 
O·C to +70·C 
Wide SO 
1% 


MAX264BCWI 
O·C to +70·C 
Wide SO 
2% 


MAX264AMJI 
-55·C 
to +125·C 
CERDIP 
1% 


MAX264MBJI 
-5S·C 
to +125·C 
CERDIP 
2% 


MAX267ACNG 
O·C to +70·C 
Plastic 
DIP 
1% 


MAX267BCNG 
O·C to +70·C 
Plastic 
DIP 
2% 


MAX267AENG 
-40· C to +85· C 
Plastic 
DIP 
1% 


MAX267BENG 
-40· C to +85· C 
Plastic 
DIP 
2% 


MAX267ACWG 
O·C to +70·C 
Wide SO 
1% 


MAX267BCWG 
O·C to +70·C 
Wide SO 
2% 


MAX267AMRG 
-55·C 
to +125·C 
CERDIP 
1% 


MAX267BMRG 
-55·C 
to +125·C 
CERDIP 
2% 


MAX268ACNG 
O·C to +70·C 
Plastic 
DIP 
1% 


MAX268BCNG 
O·C to +70·C 
Plastic 
DIP 
2% 


MAX268AENG 
-40·C 
to +85·C 
Plastic 
DIP 
1% 


MAX268BENG 
-40· C to +85· C 
Plastic 
DIP 
2% 


MAX268ACWG 
O·C to +70·C 
Wide SO 
1% 


MAX268BCWG 
O·C to +70·C 
Wide SO 
2% 


MAX268AMRG 
-55·C 
to +125·C 
CERDIP 
1% 


MAX268BMRG 
-55·C 
to +125·C 
CERDIP 
2% 


• MAX2631264 
packages 
are 28-pin 
0.6" wide 
DIP and 28-pin 
0.3" wide 
SO (Sma/l 
Outline). 


MAX2671268 
packages 
are 24-pin 
0.3" 
wide 
DIP and 24-pin 
0.3" 
wide 
SO (Sma/l 
Outline). 
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______ 
General Description 


The 
MAX265 
and MAX266 
switched-capacitor 
active 
filters 
are designed 
for precision 
filtering 
applications. 


Each contains 
two independent, 
second-order 
build- 
ing 
blocks 
which 
can 
be configured 
as a lowpass, 


high pass, bandpass, 
notch 
or all pass filter 
by adding 
a few 
external 
resistors. 
Any 
of 
the 
classical 
filter 
configurations 
(Butterworth, 
Chebyshev, 
elliptic, 
etc.) 
can be built. Two uncommitted 
op amps are included 
on chip. 


Separate 
clock 
input 
pins 
are 
provided 
for 
both 
second-order 
filter 
blocks. 
The clock 
source 
can be 
either 
a crystal 
or external 
clock 
input. 
The center 
or 
cutoff 
frequency 
(fCLK/fp ratio) 
is set by a 6-bit 
pin- 
strapped 
programming 
Input and with 
resistors. 


The 
MAX265 
operates 
with 
center 
frequencies 
up to 
40kHz 
and 
while 
the 
MAX266 
operates 
with 
fos to 
140kHz by employing 
a lower 
range of feLK/fo ratios. 


The filters 
operate 
with supplies 
ranging 
from ±2.37V 
to 
±6.3V 
as 
well 
as 
a 
single 
+5V 
power. 
The 
MAX265/266 
is supplied 
in 28-pin wide DIP and small 
outline 
packages. 
All devices are available 
in commer- 
cial, extended, 
and military 
temperature 
ranges. 


Applications 


Sonar 
and Avionics 
Instruments 


Anti-Aliasing 
Filters 


Digital 
Signal 
Processing 


Vibration 
and Audio 
Analysis 


Telecommunications 
Test Equipment 


or 
N/AFYHP.•. 51.•. 
BP, 
LP, 


INY .•. 


ClKOUT 


OSCo 


~O"'OUT_ 
OPA IN 


~ 
OPBOUT 


- 
OPB IN 
SA/II (8) 


INY. 


v- 
NlAPfHPe 51. 
BPo 
LPo 


MAX265/266 


~~I~JXI~~I 
Resistor/Pin 
Programmed 
Universal Active Filters 


• Filter Design Software 
• 64-Step Frequency Control 
• Resistor Adjustment of Frequency 
• 140kHz Center Frequency Range (MAX266) 
• Single +5V and ±5V Operation 


PART 
TEMP. RANGE 
PACKAGE" 
ACCURACY 


MAX26SACPI 
O·C to +70·C 
Plastic 
DIP 
1% 


MAX26SBCPI 
O·C to +70·C 
Plastic DIP 
2% 


MAX26SAEPI 
-40· C to +8S· C 
Plastic DIP 
1% 


MAX26SBEPI 
-40·C 
to +8S·C 
Plastic DIP 
2% 


MAX26SACWI 
O·C to +70·C 
Wide SO 
1% 


MAX26SBCWI 
O·C to +70·C 
Wide SO 
2% 


MAX26SAMJI 
-SS·C to +12S·C 
CERDIP 
1% 


MAX26SBMJI 
-SS·C to +12S·C 
CERDIP 
2% 


MAX266ACPI 
O·C to +70·C 
Plastic DIP 
1% 


MAX266BCPI 
O·C to +70·C 
Plastic DIP 
2% 


MAX266AEPI 
-40· C to +8S· C 
Plastic DIP 
1% 


MAX266BEPI 
-40· C to +8S· C 
Plastic DIP 
2% 


MAX266ACWI 
O·C to +70·C 
Wide SO 
1% 


MAX266BCWI 
O·C to +70·C 
Wide SO 
2% 


MAX266AMJI 
-SS·C to +12S·C 
CERDIP 
1% 


MAX266BMJI 
-SS·C to +12S·C 
CERDIP 
2% 
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_______ 
General Description 


The MF10 is a dual 2nd order, switched 
capacitor, 
state 
variable 
filter. Each of the two filter sections 
uses two 
switched 
capacitor 
integrators 
and 
an 
op 
amp 
to 
generate 
a second 
order function. 
The location 
of the 
poles (and thus the center frequency 
and Q) is deter- 
mined by the frequency 
of an external 
clock and 2 to 4 
external 
resistors. 
No external 
capacitors 
are used. 


Each of the two filter sections of the MF10 can generate 
all standard 
2nd order functions: 
bandpass, 
lowpass, 
high pass, 
notch 
(band-reject), 
complex 
zeroes 
and 
all pass functions. 
Three of these functions 
are simul- 
taneously 
available. 
The frequency 
of the 2nd order 
poles is accurate 
to ±O.2% and the Q is accurate 
to 
within 
2%. 


Fourth order filters can be made by cascading 
the two 
2nd order filter sections 
of the MF10, and higher order 
filters can easily be made by cascading 
more MF10s. 


The excellent 
accuracy 
and stability 
of MF10 based 
filters 
eliminates 
the complex, 
costly 
tuning 
normally 
required 
in the production 
of high order 
(multi pole) 
filters. 
Design 
equations 
for 
Butterworth, 
Bessel, 
Chebyshev, 
and Cauer (Elliptic) 
filters are provided. 


__________ 
Appllcations 


This versatile device is used for a wide range of filtering 
applications 
such as: 


Tunable active filters 
Multi-pole 
filters 
Anti-aliasing 
filters 


Adaptive 
Filtering 
Phase locked 
loops 
Signal 
Processing/ 


Conditioning 


.MAXI.M 
MF10. 
0"0.54 
I 
Q::103 
Fo"2kHz 
, 
Fo::2tl:Hz 
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Dual Universal 
Switched Capacitor Filter 


• 
No External 
Capacitors 
Required 


• 
Low Sensitivity 
to External 
Component 
Variation 


• 
Excellent 
Frequency 
and Q Stability 


• 
Easily Cascaded 
for Multlpole 
Filters 


• 
Filter Frequency 
Set by External 
Clock 
Frequency 


• 
0.2% Clock to Center Frequency 
Ratio Accuracy 


• 
Hlghpass, 
Lowpass, 
Bandpass, 
Notch, and Allpass 


Filter Functions. 


• 
Up to 3 Simultaneous 
Filter Function 
Outputs 


• 
Up to 30kHz Operation 


• 
Easy to use-Design 
Directly 
from the Data Sheet 


• 
Monolithic, 
Low Power CMOS Design 


PART 
TEMP. RANGE 
PACKAGE 


MF10BD 
O°C to +70°C 
20 Lead CERDIP 


MF10BN 
O°C to +70°C 
20 Lead 
Plastic 
DIP 


MF10CD 
O°C to +70°C 
20 Lead 
CERDIP 


MF10CN 
O°C to +70·C 
20 Lead 
Plastic 
DIP 


Dual Universal 
Switched 
Capacitor Filter 


Supply Yoltage (Y+to Y-) 
14Y 
Power Dissipation 
500mW 
Operating Temperature 
O°C to +70°C 


Storage Temperature 
-65°C to +l60°C 
Lead Temperature (Soldering, 10 seconds) 
+300°C 


Stresses above those listed under"Absolute 
Maximum Ratings" may cause permanent damage to the device. These are stress ratings only and 
functional 
operation olthe device at these or any other conditions 
above those indicated in the operational 
sections of the specifications 
is not 


implied. Exposure to absolute maximum rating conditions 
for extended periods may affect device reliability. 


ELECTRICAL 
CHARACTERISTICS 
(Complete 
Filter) 
(Vs = ±5V, T A = +25°C) 


PARAMETER 
. CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Frequency 
Range 
fa X 0 < 200 kHz 
20 
30 
kHz 


Clock to Center Frequency 
Ratio, fCLK/fo 
MF10BN 
Pin 12 High, 0 = 10 
49.94 ± 0.2% 
±a.6% 
MF10CN 
fa X 0 < 50kHz, Mode 1 
49.94 + 0.2% 
+1.5% 
Mrl0t:lN 
Pin 12 at Mid Supplies 
99.35 ± 0.2% 
±a.6% 
MF10CN 
o = 10, fa X 0 $ 50kHz, Mode 1 
99.35 ± 0.2% 
±1.5% 
a Accuracy 
(0 Deviation 
fa X a $ 50kHz 
from an Ideal Continuous 
fo.$ 5kHz, Mode 1 
±2% 
±6% 


Filter) 


Pin 12 High (-50:1) 
±10 
ppm/oC 
Pin 12 Mid Supplies 
(-100:1) 
±100 
ppmfOC 
fa Temperature 
Coefficient 
fa X a $ 100kHz, Mode 1 
External Clock Temperature 
Independent 


fa X a $ 100kHz, a selting 
±500 
ppm/oC 
a Temperature 
Coefficient 
Resistors Temperature 
Independent 


DC Low Pass Gain Accuracy 
Mode 1, Rl = R2.= 10kfi 
±1 
±2 
% 


Crosstalk 
50 
dB 


Clock Feedthrough 
10 
mV 


Maximum 
Clock Frequency 
1 
1.5 
MHz 


Power Supply Current 
7 
10 
mA 


ELECTRICAL CHARACTERISTICS 
(Internal 
Op Amps) 
(Vs = ±5V, T A = +25°C) 


PARAMETER 
CONDITIONS 
MIN 
Typ 
MAX 
UNITS 


Supply Voltage 
±4 
±5 
V 


Voltage SWing (Pins 1, 2, 19, 20) 
RL = 5kfi 
MF10BN 
±4.0 
±4.1 
V 
MF10CN 
±3.8 
±3.9 
V 


Voltage Swing (Pins 3 and 18) 
RL = 3.5kfi 
MF10BN 
±4.0 
±4.1 
V 
MF10CN 
±3.8 
+3.9 
V 


Output short Circuit 
Current 
Source 
3 
mA 
Sink 
1.5 
mA 


Gain Bandwidth 
Product 
2.5 
MHz 


Slew Rate 
7 
VII'S 


~ 
-1.0 
o 
!i 
iZo]~-2.0 


PIN 
PIN NUMBER 


NAME 
Filler 
Section 
DESCRIPTION 
A 
B 


LP 
1 
20 
These are the lowpass, bandpass, 
and notch/allpass/highpass 
outputs of each 2nd order section. 


S" 
2 
19 
The LP and SP outputs can typi- 
cally sink 1mA and source 3mA. 
The N/AP/HP output can typically 


N/AP/HP 
3 
18 
sink 1.5mA and source 3mA. 


INV 
4 
17 
INV is the inverting input of the 
summing op amp of each filter. 


81 
5 
16 
This is an alternate signal input 
pin used in modes 1A, 4, 5 and 6S. 
This pin must be driven with a 
low source impedance. 


8A1B 
6 
The 8A1Binput controls a switch 
connecting one of the inputs of 
the filter's 2nd summer - 
either 
to analog ground (8A1Blow) or 
to the low pass output (8A1B 
high). The 8A1Binput controls 
the configuration 
of both sec- 


tions of the MF10. 


VA' 
7 
Analog and digital positive 
supply inputs. 


Vo' 
8 
These pins are internally 
connected through the MF10's 
substrate and therefore VA' and 
Vo' should be derived from the 
same 
power 
Sllpply 
SourCE-> 


L8h 
9 
Level shift pin. 1h,s pll' COlilrols 
the digital input threshold level 
of the clock inputs, CLKA and 
CLKB. With the level shift pin at 
OVand with ±5V power supplies, 
the clock inputs are TTL com- 
patible. With the level shift pin 
connected to Vo" the clock 
input thresholds are approxi- 
mately 2V above Vo". 


Dual Universal 
Switched Capacitor Filter 


l 
0.0 
zo 
!i 
~ 


PIN 
PIN NUMBER 


NAME 
Filler 
Section 
DESCRIPTION 
A 
B 


CLK 
10 
11 
Clock inputs for each switched 
capacitor building block. The 
duty cycle should be close 
to 50% to allow the op amps 
the maximum time to settle, 
particularly 
when the clock 
frequency is above 200kHz. 


50/100/CL 
12 
This three-level input pin selects 
one of three MF10 operating 
conditions. When the 50/100iCL 
pin is connected to Vo' the ratio 
between clock frequency and 
center frequency is 50:1. With 
this pin at mid supplies (i.e., 
analog ground with dual supplies 
the clock frequency to center 
frequency ratio is 100:1.Tying 
the pin low activates a simple 
current limiting circuitry which 
halts normal filtering operation 
and reduces the supply current 
by 70%. 


Vo 
13 
Analog and digital negative 
V - 
14 
supply inputs. These pins are 
A 
internally connected. VA" and 
Vo" should be derived from the 
same power supply source. 


AGND 
15 
Analog Ground. This pin should 
be connected to the system gro- 
und for dual supply operation or 
driven to mid supply for single 
supply operation. The non- 
inverting inputs of the filter op 
amps are internally connected 
to the AGND pin, therefore 
AGND should be well bypassed. 


Dual Universal 
Switched Capacitor Filter 


fClK: 
The frequency 
applied 
to the switched 
capac- 
itor filter external 
clock 
input. 


fa: 
The 
center 
frequency 
of the 
second 
order 
complex 
pole pair, fa, is determined 
by measur- 
ing the peak response frequency 
at the band- 
pass output. 


Q: 
"Quality 
factor", 
or Q, is the ratio of fa to the 
-3dB bandwidth 
of the second order bandpass 
filter. Q also determines 
the amount 
of ampli- 
tude 
peaking 
at the 
lowpass 
and 
highpass 
outputs, 
but is not measured 
at these outputs. 


Hosp: 
The gain in V/V of the bandpass 
output 
at f=fo· 


See Figure 1. 


HOlP: 
The 
gain 
in V/V of the 
lowpass 
output 
as 
f-OHz, 
See Figure 2. 


HOHP: 
The 
gain 
in V/V of the 
highpass 
output 
at 
f = fClK/2. 
See Figure 3. 


Qz: 
The quality 
factor 
of the 2nd order 
function 
complex 
zero pair, if any. 


fz: 
The center 
frequency 
of the 2nd order 
com- 
plex zero pair. If fzis different 
from fa, and Qz is 
high, fz can be observed 
as a notch frequency 
at the all pass output. 


fnotch: 
The 
frequency 
of 
minimum 
amplitude 
re- 
sponse at the notch output. 


Hocz,: 
The complex 
zero output 
gain as f-OHz. 


HOCZ2: The complex 
zero output 
gain at f = fClK/2. 


HON': 
The notch 
output 
gain as f -OHz. 


HON2: 
The notch 
output 
gain at f = fClK/2. 
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_______ 
General Description 


The MF10 is a switched 
capacitor 
(sampled data) filter. 


While 
the 
time 
domain 
approach 
most 
accurately 
describes 
the MF10's transfer 
functions, 
time domain 
calculations 
are cumbersome 
and 
most 
circuit 
de- 
signers 
are more familiar 
with the frequency 
domain 
approach 
used in designing 
RC active filters. 
Fortun- 
ately, the MF10 closely emulates 
RC active filters when 
the 
sampling 
frequency 
is 
much 
higher 
than 
the 
frequency 
band of interest. The operation 
of the MF10 
can 
then 
be described 
in terms 
of the 
frequency 
domain 
with reasonable 
accuracy. 
Specifically, 
each of 
the two sections 
of an MF10 can be treated as a second 
order 
state variable 
filter. The similarity 
between 
the 
MF10 and the classic state variable filter allows the use 
of the extensive literature 
available on the design of 2nd 
order state variable filters. 


The RC second 
order 
state variable 
filter 
(Figure 
5) 
requires 
3 op amps, 7 resistors, 
and 2 capacitors. 
This 
filter lacks the frequency 
stability 
and tunability 
of the 
MF10 switched 
capacitor 
filter. 
The 
MF10 excels 
in 
these areas because the center frequency 
of a switched 
capacitor 
filter 
is determined 
by the frequency 
of the 
clock, 
which, 
if 
crystal 
controlled, 
can 
achieve 
a 
stability 
of 
a few 
parts 
per 
million 
over 
the 
entire 
operating 
temperature 
range. 
Having 
the center 
fre- 
quency 
controlled 
by an external 
digital 
clock 
fre- 
quency 
also simplifies 
tuning 
of the filter 
since 
it is 
easier to accurately 
control 
a variable 
modulo 
divider 
than it is to precisely 
vary the time constant 
of an RC 
integrator. 


The 
MF10's 
maximum 
guaranteed 
operating 
clock 
frequency 
is 1MHz, corresponding 
to a 20kHz 
maxi- 
mum filter center frequency 
with a 50:1 clock to center 
frequency 
ratio, 
and 
a 10kHz 
maximum 
center 
fre- 
quency 
with a 100:1 clock to center frequency 
ratio. 


_________ 
Fllter Design 


Simple 2nd Order Bandpass 
Filter Design 


All modes except 
mode 6 offer a 2nd order bandpass 
response. The simplest 
circuit, 
mode 1A uses only two 
external 
resistors, 
but is limited to low Q operation 
by 
output 
swing 
limitations. 
Mode 1 uses three resistors 
and 
is suitable 
for 
either 
low 
or 
high 
Q bandpass 
functions. 
The center frequency 
of modes 1 and 1A is 
determined 
solely 
by the 
external 
clock 
frequency. 


Modes 
2 and 3 are also suitable 
for bandpass 
filters, 
and are easier to implement 
in some applications 
since 


the center frequency 
is controlled 
by both the external 


clock frequency 
and a resistor 
ratio. See Table 2. 


Second 
order 
bandpass 
filter 
functions 
are charac- 
terized by Q, center frequency, 
and gain (or amplitude 
response). 
Resistor selection shou Id follow these steps, 
using the design equations 
for the selected 
mode: 


1) Pick a value for R2, typically 
10 to 100 k!1. 


Dual Universal 
Switched 
Capacitor Filter 


2) For modes 2 and 3 only, determine 
the value of 
R4 using the available external clock frequency 
and 
the selected 
value for R2. (The center frequency 
of 


mode 1 and 1A is determined 
solely by the external 
clock frequency.) 


3) Determine 
the value of R3, using the desired 
Q 
and the previously 
determined 
values of R2 and R4. 


4) Determine 
the value of R1 required 
to obtain the 
desired filter gain. 


FILTER TYPE 
MODE 


Lowpass 
1.1A,2,3,3A,4,5.6A.6B 


Highpass 
3. 3A. 6A 


Bandpass 
1. 1A. 2. 3. 3A, 4. 5 


Notch 
2, 3A. 5 (Complex 
Zero) 


All pass 
4,5 


Dual Universal 
Switched Capacitor Filter 


o 
Table 3A. NORMALIZED 
LOWPASS FILTER PARAMETERS 
•••• 


~ 


NUMBER 
CHEBYSHEV 
BUTTERWORTH 
BESSELL 
OF POLES 
O.1dB RIPPLE 
O.5dB RIPPLE 
2dB RIPPLE 


In 
Q 
In 
Q 
In 
Q 
In 
Q 
In 
Q 


2 
1.0 
0.707 
1.274 
0.577 
1.820 
0.767 
1.231 
0.864 
0.907 
1.129 


3 
1.0 
Real Pole 
1.325 
Real Pole 
0.969 
Real Pole 
0.625 
Real Pole 
0.369 
Real Pole 


1.0 
1.000 
1.450 
0.691 
1.300 
1.341 
1.069 
1.706 
0.941 
2.552 


4 
1.0 
0.541 
1.432 
0.522 
0.789 
0.619 
0.597 
0.705 
0.471 
0.929 


1.0 
1.307 
1.606 
0.806 
1.153 
2.183 
1.031 
2.941 
0.964 
4.594 


5 
1.0 
Real Pole 
1.505 
Real Pole 
0.539 
Real Pole 
0.362 
Real Pole 
0.218 
Real Pole 


1.0 
0.618 
1.559 
0.564 
0.797 
0.915 
0.690 
1.178 
0.627 
1.775 


1.0 
1.618 
1.758 
0.917 
1.093 
3.282 
1.018 
4.545 
0.976 
7.232 


6 
1.0 
0.518 
1.607 
0.510 
0.513 
0.599 
0.396 
0.684 
0.316 
0.902 


1.0 
0.707 
1.692 
0.611 
0.834 
1.332 
0.768 
1.810 
0.730 
2.844 


1.0 
1.933 
1.908 
1.023 
1.063 
4.633 
1.011 
6.513 
0.983 
10.462 


7 
1.0 
Real Pole 
1.687 
Real Pole 
0.377 
Real Pole 
0.256 
Real Pole 
0.155 
Real Pole 


1.0 
0.555 
1.719 
0.532 
0.575 
0.846 
0.504 
1.092 
0.461 
1.646 


1.0 
0.802 
1.82 
0.661 
0.868 
1.847 
0.823 
2.575 
0.797 
4.115 


1.0 
2.247 
2.053 
1.126 
1.045 
6.233 
1.008 
8.842 
0.987 
14.280 


8 
1.0 
0.510 
1.781 
0.506 
0.382 
0.593 
0.297 
0.677 
0.238 
0.892 


1.0 
0.601 
1.835 
0.560 
0.645 
1.183 
0.599 
1.611 
0.572 
2.533 


1.0 
0.900 
1.956 
0.711 
0.894 
2.453 
0.861 
3.466 
0.842 
5.584 


1.0 
2.563 
2.192 
1.226 
1.034 
8.082 
1.006 
11.530 
0.990 
18.687 


The normalized 
frequencies 
for the Butterworth 
and Bessel filters are for a -3dB frequency 
of 1Hz. The Chebyshev and Elliptic normalized 
frequencies 
are for filters whose amplitude 
response passes from the ripple band to the stopband at 1Hz. 


Simple 
Lowpass Filter Design 


Use mode 
6 or 6A if a single 
pole 
lowpass 
filter 
is 


desired 
(such 
as the 
odd 
pole 
in an 
odd-ordered 


complex 
filter). 
Single 
pole resistor 
values are deter- 


mined using the equations 
for modes 6 and 6A: 


1) Select a value for R2, typically 
10 to 100 kn. 


2) Determine 
R3, using the selected 
value of R2, 


the 
available 
external 
clock 
frequency, 
and 
the 
desired 
cutoff 
frequency. 


3) Determine 
the value of R1 to obtain the desired 
gain. 


Modes 1 and 1A, with a fixed clock to cutoff frequency, 
are the 
simplest 
2nd 
order 
lowpass 
configurations. 


Modes 2 and 3 allow tuning 
of the cutoff frequency 
by 
either 
changing 
the 
clock 
frequency 
or 
adjusting 
resistor 
ratios. 


Second 
order 
lowpass 
filter 
functions 
are 
charac- 
terized 
by Q, cutoff 
frequency, 
and gain (or amplitude 
response). 
Resistor 
selection 
should 
follow 
these 
steps, 
using 
the 
design 
equations 
for 
the 
selected 
mode: 
1) Pick a value for R2, typically 
10 to 100 kO. 


2) For modes 2 and 3 only, determine 
the value of 
R4 using 
the available 
external 
clock 
frequency 
and 
the 
selected 
value 
for 
R2. (The 
cutoff 
fre- 
quencyof 
mode 1 and 1A is determined 
solely by 
the external 
clock frequency.) 


3) Determine 
the value of R3, using the desired Q 
and the previously 
determined 
values of R2 and R4. 


4) DeterminethevalueofR1 
required to obtain the 
desired 
filter gain. 


1o-S4 
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Simple Hlghpass 
Filter Design 


Use mode 3 or 3A to implement 
2nd order 
highpass 


filters and mode 6 for a single pole highpass 
filter. 


Second 
order 
highpass 
filter 
functions 
are charac- 


terized 
by Q, cutoff 
frequency, 
and gain (or amplitude 


response). 
Resistor 
selection 
should 
follow 
these 


steps, 
using 
the 
design 
equations 
for 
the 
selected 


mode: 


1) Pick a value for R2, typically 
10 to 100 kO. 


2) For modes 3 and 3A, determine 
the value of R4 


using the available 
external 
clock 
frequency 
and 


the selected 
value for R2. 


3) Determine 
the value of R3, using the desired 
Q 


and the previously 
determined 
values of R2 and R4. 


4) Determine 
the value of R1 required to obtain the 


desired filter gain. 


Multi-pole 
Filter Design 


The two 2nd order filter sections 
of the MF10 can be 


cascaded 
to obtain a 4th order (4 pole) filter response. 


Several MF10s can be cascaded 
to get very high order 


filter 
responses. 
Unlike filters 
based on RC time con- 


stants, MF10-based filters usually do not require tuning 
of each section 
since the Q and center frequencies 
are 


precisely 
controlled 
by the external 
clock 
frequency 


and the ratio of external 
resistors. 


The information 
included 
here is for the most common 
types of multi-pole 
filters: Butterworth, 
Bessel, Cheby- 


shev, and 
Elliptic 
or Cauer. 
The design 
information 


given is for a 1Hz lowpass filter. However this filter can 
be transformed 
to any desired filter type and frequency 


using the following 
steps: 


Dual Universal 


Switched 
Capacitor Filter 


NUMBER 
STOPBAND EDGE FREQUENCY 
STOPBAND 
EDGE FREQUENCY 
STOPBAND 
EDGE FREQUENCY 


PASSBAND EDGE FREQUENCY; 
1.5 
; 2.0 
; 3.0 


OF 
PASSBAND EDGE FREQUENCY 
PASSBAND EDGE FREQUENCY 
POLES 
PASSBAND RIPPLE; 
0.5dB 
PASSBAND RIPPLE; 
0.5db 
PASSBAND RIPPLE; 
0.5dB 


Fn 
Q 
F. 
Ami" 
Fn 
Q 
F. 
Ami" 
Fn 
Q 
F. 
Ami" 


(dB) 
(dB) 
(dB) 


2 
1.982 
8.3 
2.732 
4.182 


1.266 
0.969 
1.262 
0.803 
13.9 
1.247 
0.737 
21.5 


1.675 
2.27 
3.439 
3 
0.767 
Real Pole 
21.9 
0.693 
Real Pole 
31.2 
0.653 
Real Pole 
42.8 


1.072 
2.208 
1.072 
1.859 
1.070 
1.697 


1.592 
2.143 
3.3233 


4 
3.478 
36.2 
4.992 
7.647 


1.03 
3.922 
1.031 
3.32 
48.6 
1.031 
3.032 
64.2 


0.687 
1.087 
0.641 
1.13 
0.615 
1.159 


1.557 
2.089 
3.146 
2.332 
3.251 
5.008 
5 
0.426 
Real Pole 
50.6 
0.393 
Real Pole 
66.1 
0.375 
Real Pole 
85.5 
1.016 
6.118 
1.017 
5.193 
1.017 
4.747 
0.759 
1.754 
0.725 
1.723 
0.705 
1.711 


1) Identify 
the type of transfer 
function 
(Iowpass, 


highpass, 
bandpass, 
etc.); 
the type 
of response 


(Butterworth, 
Bessel, Chebyshev, 
etc.); the num- 
ber of poles, and the cutoff 
frequency. 


2) Determine 
the 
normalized 
lowpass 
filter 
fre- 
quency 
and Q of each filter section, 
using Table 3A 
or3B. 


3) If a 
multi-pole 
transfer 
function 
other 
than 
lowpass 
is desired, 
perform 
the filter 
type trans- 
formation, 
as described 
below. 


4) Denormalize 
each filter 
section 
frequency, 
fn, 
by multiplying 
the fn by the actual desired cutoff or 


center frequency. 


5) Select 
a 
mode 
of 
operation 
for 
each 
filter 
section. 
Mode 3 is suitable 
for most filters, includ- 


ing Bessel and Chebyshev. 
Butterworth 
filters can 
be implemented 
using either 
mode 3 or mode 1. 


Elliptical 
filters can be implemented 
using modes 2 
and 3A. Modes 6 and 6A provide a single, real pole 
needed for odd-ordered 
transfer functions. 
All pass 
and complex 
zeroes can be generated 
in modes 4 
and 5. 


6)Select 
a clock 
frequency. 
The 
ratio 
of clock 
frequency 
to center 
frequency 
can be adjusted 
with resistor 
ratios in modes 2,3,5 and 6; allowing 
the use of any conveniently 
available 
clock 
fre- 
quency 
that is approximately 
20 to 200 times the 
desired cutoff 
or center frequency. 


7) Determine 
the 
resistor 
values 
for 
each 
filter 
section, 
using the design 
procedures 
given in the 
sections 
above 
for 
simple 
2nd 
order 
bandpass, 


lowpass and high pass filters. 


Tables 3A and 3B_gives the normalized 
filter frequency 


and Q for each second 
order 
section 
of a multi-pole 


filter. 
Filters 
with 
an odd 
number 
of poles 
have one 


entry with "real pole" in the Q column. 
This denotes a 


real pole that should be implemented 
using mode 6 or a 


simple 
RC section. 


Lowpass 
to Highpass 
Transformation. 


The cutoff frequency 
and Q of each lowpass section 
is 


transformed 
using these equations: 


fn(highpass) 
= 
1 
_ 
fn(lowpass) 
Q(highpass) 
= 
Q(lowpass) 


Lowpass 
to Bandpass 
Transformation. 


If the ratio between 
the upper 
and lower -3dB cutoff 


frequencies 
is greater 
than 1.5, the best way to make 


the desired bandpass filter is tg cascade a lowpass filter 
and a highpass 
filter. 
The lowpass 
filter's 
cutoff 
fre- 


quency 
should 
be set to the desired 
bandpass 
upper 


cutoff 
frequency, 
and the highpass 
filter's 
cutoff 
fre- 


quency 
should 
be set to the desired 
bandpass 
filter 


lower cutoff 
frequency. 


For 
very 
narrowband 
filters, 
several 
sections 
with 


identical 
center 
frequencies 
can be cascaded. 
When 


identical 
bandpass 
filters 
are cascaded, 
the Q of the 


resultant 
filter is 
Q 
Q="'2n-1 
where Q is the Q of each individual 
filter section, 
B is 


the bandwidth 
of each individual 
filter section, and n is 


the number of identical 
sections cascaded. 
See table 4. 


Table 4. CASCADING 
~ 
IDENTICAL 
BANDPASS 
FILTER SECTIONS 
u:.. 


NUMBER OF 
IDENTICAL BANDPASS 
BANDWIDTH 
Q 
SECTIONS 


1 
1.000 B 
1.00 Q' 


2 
0.644 B 
1.55 Q 
3 
0.510 B 
1.96 Q 
4 
0.435 B 
2.30 Q 
5 
0.386 B 
2.60 Q 


Dual Universal 
Switched Capacitor Filter 


_______ 
Application 
Hints 


1) The 
maximum 
output 
swing 
is typically 
to 
within 
1V of either 
supply 
rail. Check 
the 
peak 
amplitude 
response gains, Hosp, HoLP, HOHP,and 
the input signal level to ensure that the outputs will 
not be driven beyond their maximum 
output swing 
range. This caution 
particularly 
applies to mode 1A 
when used with high Q val ues. The section 
labeled 
"Circuit 
Dynamics" 
is included 
in the description 
of each mode to clarify 
the relationship 
between 
the various filter parameters 
and the output ampli- 
tude 
peaking 
at the filter 
outputs. 
The 
lower 
Q 
sections 
of cascaded 
filters 
should 
precede 
the 
sections 
with high Q. This reduces the possibility 
of output 
clipping. 


2) The absolute 
val ues of resistors are not critical, only 
the 
ratios 
between 
resistors 
directly 
affect 
filter 
operation. 
The 
absolute 
values 
must 
be 
high 
enough 
so that 
the output 
drive 
currents 
do not 
approach 
the limits of 3mA source current and 1mA 
sink current. 
At the other 
extreme, 
resistor 
values 
should 
not be so high that stray leakage 
currents 
and stray capacitances 
have a significant 
effect on 
circuit 
operation. 


3) Selecting 
100:1 operation 
doubles 
the number 
of 
samples 
per output 
cycle, and halves the number of 
output 
steps compared 
to 50:1 operation. 
On the 
other hand, 50:1 allows higher frequency 
operation 
(20kHz max vs. 10kHz max). and also offers better 
center 
frequency 
stability 
(±10ppmfOC 
vs. 


±100ppmfOC). 


4) The minimum 
frequency 
of operation 
is limited 
by 
the 
rate 
of 
discharge 
of 
the 
internal 
switched 
capacitors. 
The 
droop 
rate at the 
output 
of the 
integrators 
will 
be approximately 
0.1mV/ms. 
This 
limits the lower value of clock 
frequency 
to about 
100Hz for reasonable 
accuracy, 
corresponding 
to a 
center frequency 
of 1Hz using the 100:1 mode. 


5) For the 
best accuracy 
in setting 
the 
center 
fre- 
quency, 
use the corrections 
shown 
in the Typical 
Operating 
Characteristic 
graphs. These graphs aid 
in the correction 
for the slight 
interaction 
between 
clock frequency, 
Q, and center frequency. 


6) As with all sampled 
data systems, 
high frequency 
components 
of the input signal above half the clock 
rate will be aliased. 
In particular, 
input signal com- 
ponents 
with 
frequencies 
near the clock 
rate will 
generate difference 
frequencies 
that may fall within 
the passband 
of the lowpass 
and bandpass 
filters. 


Since 
the ratio 
of clock 
frequency 
to center 
fre- 
quency 
is approximately 
50:1 or 100:1, a simple one 
pole passive 
RC filter 
will be sufficient 
filtering 
in 
many cases. In many other 
cases the input signal 
will 
itself 
be 
band-limited 
and 
will 
not 
require 
additional 
filtering. 


7) The SNS input controls 
the source of feedback 
into 
the 
three 
input 
summer 
of both 
sections 
of the 
MF10. If your design 
requires 
that the input of one 


section's 
summer 
be grounded 
and the input to the 
other 
section's 
summer 
be connected 
to the low- 
pass output, 
check to see if SNS can be connected 
to VD- and the lowpass output 
connection 
made via 
the S1A (or S1s) input. 


8) If large input voltage signals are applied to the filter, 


the 
DC offset 
voltages 
of the 
MF10 
may 
cause 
output 
clipping. 
For a more detailed 
discussion 
see 
the section 
on DC Offsets. 


9) 
For best results, the positive and negative supplies 
should 
be bypased 
to AGND with a lOJ.LFtantalum 
and 0.1J.LFceramic 
capacitors. 


Mode 
1A 
Non-Inverting 
Bandpass, 
________ 
Invertlng 
Bandpass, 
Lowpass. 


This 
minimum 
component 
count 
configuration 
uses 
only 
two 
external 
resistors. 
The 
peak 
gain 
at the 
inverting 
bandpass 
output 
is equal to the Q times the 
input voltage, so this circuit should only be used for low 
Q applications. 
The ratio of bandpass center frequency 
to clock 
frequency 
is fixed 
at either 
50:1 or 100:1, as 
selected 
by the 50/100/CL 
input. 


Design Equations 


fCLK 
fCLK 
fa = 
100 
or 
50 


Q = 
R3 
R2 


HoLP =-1 


R3 
HosP1 = - R2 


HOSP1 = Q (this is the reason for the low Q 
recommendation) 
HOLP (peak) 
= Q X HoLP (for high 
Qs) 


Mode 
1 
________ 
Notch, Bandpass, 
and Lowpass 


Like Mode 
1A, fo is fixed 
at fClK/50 
or fClK!100. 
The 
gain at all three outputs 
is inversely proportional 
to the 
value 
of R1; and 
unlike 
Mode 
1A, high 
Q bandpass 
filters can be built without 
exceeding 
the output 
swing 
range of the bandpass 
output amplifier. 
The notch and 
bandpass 
center frequencies 
are identical. 
The notch 
output 
gain 
is the same above and below 
the notch 
center frequency. 


f 
- 
fClK 
or 
fClK 
0- 
100 
50 


Q= 
R3 
R2 


H 
_ 
R2 
OlP --R"f 


Hosp 
= _ R3 
R1 


(f) 
R2 
HON at f = ClK 
= -- 
2 
R1 


Circuit Dynamics 


Hosp 
= HOlP X Q = HON X Q 
HOlP(peak) = Q x HolP (if the DC gain of the LP output is 
too high, a high Q value could 
cause clipping 
at the 
lowpass 
output 
resulting 
in gain 
non-linearity 
and 
distortion 
at the bandpass 
output). 


Dual Universal 
Switched Capacitor Filter 


Mode 2 
________ 
Notch, Bandpass, 
and Lowpass 


The circuit of mode 2 is created by adding resistor R4 to 
the circuit 
of mode 1. This fourth 
resistor 
causes the 
ratio of the bandpass 
center 
frequency 
to clock 
fre- 


quency 
to be less than the fixed 50:1 or 100:1 ratio of 
mode 
1. Stated 
another 
way, 
R4 allows 
the 
center 
frequency 
of the bandpass 
filterto 
be tuned to a higher 
frequency 
while 
maintaining 
a constant 
clock 
fre- 
quency. 
The notch 
frequency 
renains 
at fClK!50 
or 
fClK/100, 
making 
mode 2 suitable 
for elliptic 
highpass 
filters, 
where 
the complex 
zero pair (fno1ch) must 
be 
lower than the complex 
pole (fo). 


Design Equations 


fo = 
fClK 
)1 
+ R2 
fClK J1 
+ R2 
100 x 
R4 
or 
50 
x 
R4 


fClK 
fn = 
100 
or 
Q = R3 xJ 1 + R2 
R2 
R4 


R2 
-R-i 
HOlP - 
R2 
1 + R4 


R3 
Hosp 
= -R"f 


R2 


R1 


1 + R2 
R4 


HON2 (at f = fClK 
) = RG 
X HOHP 
2 
RH 


Circuit Dynamics 


Hosp = Q JHOlP 
X HON2 = Q JHON1 X HON2 


Switched Capacitor Filter 


Mode 3 
Highpass, 
Bandpass, 
and Lowpass 


This mode is a sampled 
time (Z transform) 
equivalent 
of the classical 
2nd order 
state variable 
filter. In this 
versatile 
mode, 
the ratio of resistors 
R2 and R4 can 
move the center frequency 
both above and below the 
fClK/50 and fClK/100 values. Mode 3 is commonly 
used 
to make multiple 
pole Chebyshev 
filters with a single 
clock 
frequency. 
A small (10-100pF) capacitor 
in par- 
allel with R4 may be needed to avoid Q enhancement. 


fClK 
fR2 
fClK 
fa = 
100 
x "JFf4 
or 
SOX 
(R2 


"J"R4 


R2 
HOHP = 
- R1 


R3 
Hosp= 
- FIT 


R4 
HOlP = 
- R1 


HOHP = HOlP (~~) 


HOlP(peak) = Q x HOlP 


Hosp = Q.jHOHP 
X HOlP 


HOHP(peak)= Q x HOHP 


•• 
10-100pFI 
-1(----' 


Mode3A 
Highpass, 
Bandpass, 
Lowpass, and Notch 


Similar to mode 3, this mode adds an external 
op amp. 
This op amp creates a notch 
output 
by summing 
the 
highpass and lowpass outputs of the MF10. The ratio of 
resistors 
RH and Rl adjusts the notch frequency, 
while 
R2 and R4 adjust the bandpass center frequency. 
Since 
the notch (zero pair) frequency 
can be adjusted to both 
above 
and 
below 
fa, mode 
3A is suitable 
for 
both 
lowpass and highpass 
elliptic 
or Cauer filters. In multi- 
pole elliptic 
filters only one external op amp is needed. 
Use the inverting 
input of the internal 
op amp as the 
summing 
node for all but the final section 
of the filter. 


R3 
fR2 
Q = 
R2 x "JR:4 


R2 
R4 
R3 
HOHP = 
- R1 
HOlP = 
- R1 
Hosp = 
- R1 


HON (at f = fa) =IQ (~~ 
HOlP - ~~ 
HOlP) I 


RG 
HON1(as f - 
0) = -R 
X HOlP 
. 
l 


( 
fClK) 
RG 
HON2 at f = -2- 
= R;x HOHP 


NOTCH 
OUT 


'=- 
EXTERNAL 
OPAMP 


Mode 4 


_______ 
Allpass, 
Bandpass, 
and Lowpass 


Mode 4 provides 
an all pass output 
which 
has a nearly 


flat amplitude 
response with a phase shift that changes 
linearly 
with frequency 
(a constant 
time delay). 
For a 
flat amplitude 
response 
R2 must equal 
R1, fixing 
the 
all pass gain at -1. 


0= 
R3 
R2 


Oz (0 of complex 
zero pair) = :~ 


HOAP = 
- R2 =-1 
R1 


Hosp = -(1 
+ R2) 
x R3 = _2R3 
R1 
R2 
R2 


Dual Universal 


Switched 
Capacitor Filter 


ModeS 
____ 
Complex 
Zero, Bandpass, 
and Lowpass 


The addition 
of R4 to the circuit 
of mode 4 allows the 


independent 
tuning 
of the complex 
zero frequency, 
fz, 


and 
the 
complex 
pole 
frequency, 
fo. Mode 
5 can 


achieve 
a more 
constant 
all pass amplitude 
vs. fre- 


quency 
response than can be achieved 
with mode 4. 


Design Equations 


fClK 
~ 
fClK 
C7R2 
fo = 
100 x.J 1 + R4or SO x .J 1 + R4 


fz = 
fClK 
~ 
fClK 
~ 
1OQx.J I - R4 or SOX.J 1 - 1M 


R3 
f:f'ff 
Oz = 
R1x.J 1 - R4 


R2(R4 - R1) 
HOCZ1 
(as f - 
0) = R1(R2 + R4) 


I 
_fClK) 
R2 
HOCZ2 ,at f --2- 
= R1 


HOlP 
= 
R4 x ( R2 + R1 ) 
R1 
R2 + R4 


Dual Universal 
Switched Capacitor Filter 


Mode6A 


______ 
Single Pole; Hlghpass 
and Lowpass 


This circuit 
provides 
a single real pole for use in odd- 


ordered 
cascaded 
filters. 
Unlike 
the simple 
RC pole 


used in continuous 
filters, 
the MF10 single 
pole filter 


can be tuned by simply 
changing 
the clock frequency. 
The cutoff 
frequency 
is also resistor tunable. 


fClK 
(R2) 
fClK 
(R2) 
fe (cutoff 
frequency) 
= 
100 x 
R3 
or 50 x 
R3 


R3 
- R1 


R2 
- R1 


Mode 68 


_Single 
Lowpass Pole; Inverting 
and Non-Inverting 


As with mode 6A, this mode is useful in implementing 
filters with an odd number 
of poles. 


Design 
Equations 


f 
. - 
fClK 
(R2) 
fClK 
(R2) 
e (cutoff 
frequency) 
- 
100 x 
R3 
or50x 
R3 


HolP 
(inverting 
output) 
= - ~; 


HolP 
(non-inverting 
output) 
= +1 


_____________ 
MF10 Offsets 


The MF10's switched 
capacitor 
integrators 
have higher 


equivalent 
input offsets than the typical 
RC integrator 


in a continuous 
active 
filter. 
The 
MF10 offsets 
are 


produced 
by 
parasitic 
charge 
injection 
from 
the 


switches 
into the integrating 
capacitors. 
These offsets 


are 
relatively 
independent 
of 
clock 
frequency 
and 
temperature. 
The input 
offset 
of the CMOS 
op amps 


also contribute 
to the overall 
offset 
error, 
but these 


offsets are small in comparison 
to the offsets caused by 


charge injection. 
Figure 16 shows the equivalent 
circuit 


for calculating 
output 
DC offsets. 


VOS1 = 0 mV to ±10 mV 


VOS2= 
charge 
injected 
offset plus op amp offset 
"" -60 mV to -80 mV (50:1) 


VOS3 = 
charge 
injected 
offset plus op amp offset 
"" +100 mV to +150 mV (at 50:1) 


(At 
100:1 
the 
VOS2 and 
VOS3 are 
approximately 


doubled.) 


Using the same designation 
for resistors as are used in 


Figures 7 to 15, the output 
offsets can be calculated 
as 


shown 
below. 


Mode 1 and Mode 4 Output 
Offsets 


VOS(N)= VOS1 (tr+ 
1 + IHolPI 
) - Voa3 


VOS(BPj= Vos3 


VOS(lP) = VOS(N)- VOS2 


Mode 2 and Mode 5 Output 
Offsets 


VOS(N) = (~: 
± 1) Vos1 x 1+ ~2IR4 


+ Vos2 
1 
VOS3 


1 + R4/R2 
Q •./1 + R2IR4 


Rp = R1I/R2//R4 


VOS(BP)= VOS3 
VOS(lP) = VOS(N) - VOS2 


VOS(HP)= VOS2 
VOS(BP)= VOS3 


R4 
(R2 
) 
VOS(LP)= 
- R2 x 
R3 VOS3 + VOS2 + 


R4 
( 
R2) 
-x 
1 +- 
Vos1 
R2 
Rp 


Mode 
1A Output 
Of!.et. 


( 
1 ) 
VOS3 
Vos{N.INV.BP) 
= 
1 +0 
Vos1- a- 


Vos{INV.BP) 
= Vos3 
Vos{LP) 
= Vos{N.INV.BP) 
- VOS2 


In most applications 
the outputs 
are AC coupled 
and 
the DC offsets 
present 
no problem 
unless large input 
voltages 
are applied 
to the filter. 


For Mode 3 operation 
it should be noted that the use of 
small 
R2/R4 
ratios 
and 
high 
Q will 
produce 
an LP 
output 
with a couple 
of volts DC offset and an offset 
adjustment 
should 
be made. Make the offset adjust- 
ment by injecting 
a small amount 
of current 
into the 


first 
op 
amp's 
inverting 
input 
(see Figure 
17). This 
changes 
Vos1 but leaves the output 
DC offset of the 


integrators 
unchanged. 


Dual Universal 


Switched 
Capacitor Filter 


_____ 
Application Example. 


4th Order, 2kHz Lowpass Butterwoth 
Filter 


A 4th order 
lowpass 
filter can be made by cascading 


the two second 
order filter sections 
of the MF10 (See 


Figure 
18). Table 3 shows 
that the two sections 
of a 


Butterworth 
4th order filter 
will have the same cutoff 


frequency, 
with one stage having a Q of 0.541 and the 


other stage having a Q of 1.307. Any of the modes may 
be used, but mode 1A uses only 2 resistors per section, 
and should therefore 
be used. The Q of both sections 
is 


low, so output 
clipping 
will not be a problem. 


Using the 2nd order low pass filter design steps shown 
in the Filter Design section, 
the resistor 
values for the 


first filter section 
can be calculated 
as follows: 


1t 
,. 
17 
,. 
15 
14 
13 
12 
11 


BP. 
N/API 
INY. .,. 
"OND 
V.' 
VD' 
5OI1Dl11 
elK. 
HP. 
CL 


.MAXI.M 
MFlO 


N!API 


BP. 
HP. 
INY" 
• 
3 
• 


.3 
•• 
53.6kU 
lOOk£} 


Dual Universal 
Switched 
Capacitor Filter 


Mode = 1A 


fo = 2kHz 
Q = 0.541 


1) 
let 
R2 be 100kO. 


2) 
f 
= 2kHz = 
fClK 
(pin 12 mid-supply) 
o 
100 


so fClK = 200kHz (pin 12 mid-supply) 


fClK = 100kHz with pin 12 high. 


3) 
R3 
. 
Q= 
--, 
R2 


so R3 = Q x R2 = 0.541 x 100kO = 54.1kn. 


Picking 
the nearest 1% resistor 
value, R3 = 53.6 kO 


Using similar calculations 
forthe 
second filter section, 
R2=100kO and ,R3 = 130kO. 


The output 
of the first section, 
lP A (pin 1), is the input 
forthe 
second stage, at S1B (pin 16). The filter output 
is 
at lPB (pin 20). With ±5V supplies 
and the level 
Shift 
pin connected 
to ground, 
the digital 
input threshold 
of 
the 
ClK 
inputs 
is about 
1.6V. The 
ClK 
inputs 
can 


therefore 
be driven by either TTl 
or CMOS logic levels. 


The 50/100/Cl pin is grounded, 
which 
selects a 100:1 


ratio 
between 
the clock 
frequency 
and the low pass 


cutoff 
frequency. 


4th Order Chebyshelf 
Lowpass 
Filter 


Figure 19 shows a 4th order Chebyshev 
lowpass filter 
with the following 
specifications: 


Passband 
Ripple = 2dB (nominal) 
Cutoff 
Frequency 
= 5kHz 


The filter uses a 200kHz clock for both sections. 


Table 3 shows that for a 2dB ripple, 4th order Cheby- 
shev filter the parameters 
of the two sections 
are: 


fn = 0.471 , Q = 0.929 
and 
fn = 0.964 , Q = 4.594 


Either mode 3 or mode 2 is suitable 
for this filter. The 


resistors for mode 2 can be calculated 
as follows: 


1) 
let 
R2 = 10kO. 


2) 
For the first section 
f n = 0.471, so for a 5kHz cutoff 


fo = 0.471 x 5kHz = 2.355kHz 


Using 
the mode 2 equation 
for fo, 


f 
= 
fClK 
X J 1 + ~ 
o 
100 
R4 


and using 200kHz for fClK, R4 is calculated 
as 25.87kO. 


The closest 1% resistor value of 26.1kO is chosen. 


3) 
The mode 2 formula 
for Q is 


Q= 
~ 
x J1 
+ 
R2 
R2 
R4 


Using 
Q= 0.929 and the previously 
determined 


values for R2 and R4, R3 is calculated 
as 7.9kO. 


The closest 1% value, 7.87kO is used. 


4) 
Choose 
R1 for 
the 
desired 
filter 
gain. 
In this 


example 
R1 is 10kO. 


Repeat the above steps for the second section, with f n = 
0.964' and Q = 4.594. 
If R2 is chosen 
to be 10kO, the 


value of R4 will be 2.1kO and the value of R3 will be 
19.1kO. 


200 kHz 


TTL 
or 
CMOS 
CLOCK 


______ 
Sw/tched Capac/tor 
Filter Fundamentals 


While 
it is not necessary 
to understand 
the internal 
operation 
of 
the 
MF10 
in order 
to 
use it, a basic 
understanding 
of switched 
capacitor 
operation 
may 
help in optimizing 
designs. 


Figure 20 shows a standard 
integrator 
using an op amp. 
The time constant 
is determined 
by the passive com- 
ponents, 
Rand 
C. When 
a positive 
input 
voltage 
is 
applied, 
the integrator 
output 
will ramp downward 
at a 
rate determined 
by the 
input 
voltage 
and 
the 
time 
constant, 
RC. This ramp has a slope of 


~=-~ 
~T 
RC 


Figure 
21 is a simple 
inverting 
switched 
capacitor 
in- 
tegrator, 
where 
the R of the standard 
integrator 
has 
been replaced 
by a capacitor 
and two analog switches, 
S1 and S2. As S1 and S2 alternately 
open and close at 
the rate set by the clock input, first C1 is charged 
to the 
input 
voltage, 
then 
C1 transfers 
its charge 
into 
the 
capacitor 
C2. This creates a series of voltage steps on 
the integrator 
output, 
with each voltage step having a 
value 
of 
-VIN 
x C1/C2. 
If the 
value 
of C1 is small 
compared 
to C2, the series of steps at the integrator 
output 
approximates 
a ramp with the slope 


VIN X fCLK x C1 
C2 


where fCLK is the frequency 
of the clock 
input. 


This equation 
is similar to that of the standard 
integra- 
tor, but with the sampled 
capacitors 
time constant 
of 
C2 


C1 x fCLK 


replacing 
the standard 
integrators 
time constant 
of RC. 
The center frequency 
of an RC based 2nd order state 
variable filter is 


fo= 
__ 
1__ 


21TRC 


The 
center 
frequency 
of a switched 
capacitor 
2nd 
order state variable filter is approximately 


fo = 
fCLK x C1 


21TC2 


The ratio of C2/C1 in the MF10 is approximately 
8 when 
the 
50/100/CL 
input 
selects 
a 50:1 clock 
to center 
frequency 
ratio, 
and 
the 
ratio 
of C2/C1 
is approxi- 


Dual Universal 
Switched Capacitor Filter 


mately 
16 when 
the 50/100/CL 
input 
selects 
a 100:1 
clock 
to 
center 
frequency 
ratio. 
Substituting 
these 
C2/C1 ratios in the above formula, 
the MF10 foequation 
(for modes 1 and 6) results: 


fo = 
fCLK 
(50/100/CL 
Input High) 
50 
or 


fo =~(50/100/CL 
Input Mid-supply) 
100 


The integrators 
used in the MF10 are non-inverting, 


and use the basic switching 
scheme of Figure 22. The 
switches 
ground 
one side of the input 
capacitor 
C1 
when it is connected 
to the input; and connect the other 


side to ground 
while 
it is connected 
to the op amp's 
input. By changing 
the polarity 
of C1 in this manner, an 
additional 
inversion 
is added, and overall operation 
is 
non-inverting. 
This means the direction 
of the voltage 
ramp 
at the 
output 
of the 
integrator 
has the same 
polarity 
as V,N. 
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Switched Capacitor Filter 


Analog Multiplexers 


MAX310 
MAX311 
MAX358 
MAX359 
DG506A 
DG507A 
DG508A 
DG509A 
HI-508A 
HI-509A 
IH5108 
IH5208 
IH6108 
IH6116 
IH6208 
IH6216 


RFNideo 
8 Channel 
Multiplexer/Demultiplexer 
11-1 


RFNideo 
Differential 
4 Channel 
Multiplexer/Demultiplexer 
11-1 


Fault Protected 
8 Channel 
Multiplexer. 
. .. . . ... 
.. 
.. . .. . . . . . .. . . .. .. . . . .. .. . .. .. 
11-9 


Fault Protected 
Differential 
4 Channel 
Multiplexer 
11-9 


16 Channel 
CMOS 
Analog 
Multiplexer 
11-21 


Differential 
8 Channel 
CMOS 
Analog 
Multiplexer 
11-21 


8 Channel 
CMOS 
Analog 
Multiplexer 
11-27 


Differential 
4 Channel 
CMOS 
Analog 
Multiplexer 
11-27 


Fault Protected 
8 Channel 
Multiplexer 
, . . . . 
11-9 


Fault Protected 
Differential 
4 Channel 
Multiplexer 
11-9 


See MAX358 
_ 11-9 


See MAX359 
11-9 


See DG508A 
11-27 


See DG506A 
11-21 


See DG509A 
11-27 


See DG507A 
11-21 
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Analog Multiplexers 


Part 
Function 
rDS(ON) 
ID(OFF} 
t(ON) 
V.UVtt 
Analog 
Signal 
Features 
Page 


Number 
(Omax) 
(nAmax) 
l/lsmax) 
(V) 
Voltage 
Range 
No. 


MAX31 0 
1018 
250 
10 
1.5IJs 
0.812.4 
±15V 
70dB Isolation at 10MHz 
11-1 


MAX311 
2018 
250 
10 
1.5IJs 
0.812.4 
±15V 
70dB Isolation at 10MHz 
11-1 


MAX358 
1018 
1500 
2 
1J!.S 
0.812.4 
-12.5V to +13.5V 
Fault Protected to ±35V 
11-9 


MAX359 
2018 
1500 
2 
1J!.S 
0.812.4 
-12.5V to +13.5V 
Fault Protected to ±35V 
11-9 


MAX452 
1012 
Buffered Output 
10 
0.12J!.S 
0.8/2.4 
±2V 
On-Chip Output Amp 
5-29 


MAX453 
1014 
Buffered Output 
10 
0.12J!.S 
0.812.4 
±2V 
On-Chip Output Amp 
5-29 


MAX454 
1018 
Buffered Output 
10 
0.12J!.S 
0.812.4 
±2V 
On-Chip Output Amp 
5-29 


DG506A 
10116 
400 
5 
1J!.S 
0.812.4 
±15V 
Industry Standard 
11-21 


DG507A 
20116 
400 
5 
1J!.S 
0.8/2.4 
±15V 
Industry Standard 
11-21 


DG508A 
1018 
300 
2 
1J!.S 
0.8/2.4 
±15V 
Industry Standard 
11-27 


DG509A 
2018 
300 
2 
1J!.S 
0.8/2.4 
±15V 
Industry Standard 
11-27 


HI508A 
1018 
1500 
2 
1J!.S 
0.8/2.4 
-12.5V to +13.5V 
Fault Protected 
11-9 


HI509A 
2018 
1500 
2 
1J!.S 
0.8/2.4 
-12.5V to +13.5V 
Fault Protected 
11-9 


IH5108A 
SeeMAX358 
11-9 


IH6108 
See DG508A 
11-27 


IH6116 
See DG506A 
11-21 


IH6208 
See DG509A 
11-27 


IH6216 
See DG507A 
11-21 


_______ 
Gener.' Description 


Maxim's MAX310 and MAX311 are CMOS monolithic 
analog 
multiplexer/demultiplexers 
designed 
for use 
with 
signal 
frequencies 
ranging 
from 
DC through 
video. The MAX310 is a 1-of-8 multiplexer 
while the 
MAX311 
is 
for 
2-of-8 
(4 
channel 
differential) 
applications. 


A key feature 
of the MAX310/311 is extremely 
high 
off 
isolation 
at high 
frequencies. 
The 
isolation 
of 
each off channel 
to the output 
is guaranteed 
to be 
-66dB 
at 5MHz. The 
input 
signal 
range is +12V to 
-15V 
with 
±15V 
power 
supplies 
while 
power 
con- 
sumption 
is typically 
1.1mW. 


All control 
inputs are fully compatible 
with TTL and 
CMOS 
logic. 
Decoding 
is in standard 
BCD format 
and 
an 
Enable 
input 
is also 
provided 
to simplify 
cascading 
of devices. The MAX310 and MAX311 will 
operate 
with 
nearly 
any power supply 
combination 
which totals less than 36V (V+ - V-) including 
single 
supply 
operation 
at +12V, +15V. and +28V with 
V- 
connected 
to GND. 


__________ 
Applications 


Video Switching 
and Crosspoint 
Systems 


Automatic 
Test Equipment 


Medical Ultrasound 
Phased Array Systems 


Data Logging 
of High Frequency Signals 


Digital Signal Processing 


~~I~JXI~~I 
CMOS RF/Video 
Multiplexers 


• 
-76dB Typical 
Off Isolation 
at 5MHz 


• 
-63dB Typical 
''All Channel 
Off' 
Isolation 
at 5MHz 


• 
Phase Shift Match Between 
Channels, 
<1° 
at5MHz 


• 
Break-Before-Make 
Switching 


• 
Wide Supply 
Range, ±4.5V to ±16.5V and 
Single Supply 


• 
Symmetrical, 
BI-dlrectlonal 
Operation 


• 
Latch-Up 
Proof Construction 


PART 
TEMP. RANGE 
PACKAGE 


MAX31DC/D 
D·Cto +7D·C 
Dice 


MAX31DCPE 
D·Cto +7D·C 
16 Lead Plastic DIP 


MAX31DCWN 
D·Cto +7D·C 
18 Lead Small Outline 


MAX31DEPE 
- 4D·Cto + 85·C 
16 Lead Plastic DIP 


MAX31DEWN 
- 4D·Cto + 85·C 
18 Lead Wide SO 


MAX31DEJE 
- 4D·Cto + 85·C 
16 Lead CERDIP 


MAX31DMJE 
-55·Cto 
+ 125·C 
16 Lead CERDIP 


MAX311C/D 
D·Cto +7D·C 
Dice 


MAX311CPE 
D·Cto +7D·C 
16 Lead Plastic DIP 


MAX311CWN 
D·Cto +7D·C 
18 Lead Small Outline. 


MAX311EPE 
- 4D·Cto + 85·C 
16 Lead Plastic DIP 


MAX311EWN 
- 4D·Cto + 85·C 
18 Lead Wide SO 


MAX311EJE 
- 4D·Cto + 85·C 
16 Lead CERDIP 


MAX311MJE 
- 55·C to + 125·C 
16 Lead CERDIP 


INPUT [ 
CHANNELS 


IDI 


CMOS RF/Video Multiplexers 


Operating Temperature 
Range 
MAX310C, MAX311C 
............•............ 
O°C to +70°C 


MAX310E, MAX311E 
-40°C to +85°C 


MAX310M, MAX311M 
.........•........... 
-55°C to +125°C 


Power Dissipation 
(16-Pin packages) 
CERDIP (derate 10mW/oC above +75°C) 
. 


Plastic DIP (derate 7.35mW/oC above +75°C) 
Small Outline (derate 9mW/oC above +75°C) 
. 


Voltage relerenced to V- 
V+ .................•............................... 
+36V 
GND ......................•..•..................... 
+24V 
Digital Inputs 
...........................•........ 
V- to V+ 


Input Current 


S and COMMON 
OUT ...................•......... 
±50mA 
All pins except S and COM. OUT 
±30mA 


Lead Temperature 
...........•...•.................. 
+3OO°C 


Storage Temperature 
.•......••...•.........• 
-65°C to +150°C 


750mW 
550mW 
550mW 


Stresses listed under ':Absolute Maximum 
Ratings" may be applied 
(one at a time) to devices without resulting in permanent 
damage. 
These a(e stress 
ratings only. and functional 
operation of the device at these or any other conditions above those indicated in the operational 
sections of the specifications 
is not implied. Exposure to absolute maximum ratings conditions for extended periods may affect device reliability. 


ELECTRICAL CHARACTERISTICS 
(Over Temperature, V+ = +15V, V- = -15V, GND = OV unless otherwise indicated) 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN. 
TYp. 
MAX. 
UNITS 


Analog Signal Range 
V+, V- = ±15V 
-15 
+12 
V 
V+, V- = ±5V 
-5 
+2 


V'N = ±5V, lOUT= 10mA 
Channel ON Resistance 
RON 
TA= +25°C 
150 
250 
n 


Over Temp. 
300 


ON Resistance Match 
dRON 
V'N = ±5V, lOUT= 10mA 
6 
% 


OFF Input Leakage Current 
IS{OFF) 
Figure 10, TA= +25°C 
0.4 
10 
nA 
Over Temp 
3 
100 


OFF Output 
Figure 11, TA = +25°C 
0.8 
10 


Leakage Current 
10{oFF) 
MAX310 Over Temp. 
20 
100 
nA 
MAX311 Over Temp. 
10 
50 


ON Channel 
Figure 12, TA = +25°C 
1 
10 


Leakage Current 
IOION) 
MAX310 Over Temp. 
30 
200 
nA 
MAX311 Over Temp. 
15 
100 


Input Low Threshold 
VAL 
v+ /V- = ±15V, ±5V 
0.8 
V 


Input High Threshold 
VAH 
V+/V- = ±15V, ±5V 
2.4 
V 


Input Current (Logic) 
IA 
VA= OV or 5V 
±10 
I'A 


Access Time 
tACC 
Figure 7; TA= +25°C 
0.6 
1.5 
Over Temp. 
2.0 
I'S 


Enable Delay ON or OFF 
tEN{ON/OFF) 
Figure 8; TA= +25°C 
0.3 
1.0 
Over Temp. 
2.0 
I'S 


Break-Belora-Make 
Delay 
tON-tOFF 
Figure 9 
30 
100 
ns 


OFF Isolation, Single 
ISOsc 
Figure 3; TA= +25°C 
-66 
-76 
dB 
Channel to OUT 


OFF Isolation, All 
Figure 4, 5, TA= +25°C 


Channels to OUT 
ISOAC 
MUX Disabled, EN = +0.8V 
-63 
dB 
MUX Enabled, EN = +2.4V 
-58 


Adjacent Channel Crosstalk 
ISOx 
Figure 6, TA= +25°C 
-72 
dB 


Channel Input Capacitance 
TA = +25°C, V'N= 10mVRMS10 MHz 
OFF State 
CS{OFF) 
5 
pF 
ON State 
CS{ON) 
45 


Channel Output Capacitance 
TA= +25°C; 
OFF State 
C01OFF) 
EN = +0.8V, MAX310 
38 
MAX311 
20 
pF 
ON State 
C01OFF) 
EN = +2.4V, MAX310 
57 
MAX311 
40 


Charge Injection 
Q 
Figure 13, TA= +25°C 
110 
pC 


Supply Current; V+ 
1+ 
EN, AO, A1, A2 = OV or +5V 
75 
200 


I'A 
V- 
I- 
0.1 
100 


Supply Voltage Range 
TA= +25°C 
+4.5 
+16.5 
V 


CMOS RF/Video Multiplexers 


The 
Maxim 
MAX310 
and 
MAX311 
contain 
8 video 
switches 
combined 
with 
an 
address 
decoder 
and 
level 
translators 
(Figure 
1). 
Each 
of 
the 
8 video 
switches 
consists 
of 3 N-channel 
FETs configured 
as 
shown 
in Figure 
2. This 
"T" 
configuration 
provides 
the 
high 
frequency 
OFF 
isolation 
required 
when 
switching 
wide-band 
video, audio, 
or digital 
signals. 


N-channel 
FETs are used 
in the 
MAX310/311's 
"T" 
switches 
because 
of their 
low capacitance 
and con- 
sequently 
superior 
isolation 
characteristics. 
A side 
effect 
is that 
the 
N-channel 
ON 
resistance 
varies 
somewhat 
with 
the 
voltage 
difference 
between 
the 
analog 
input 
signal 
and V+. This 
effect 
is shown 
in 
the Typical 
Operating 
Characteristics 
section. 


Channel 
selection 
is performed 
by applying 
a binary 
input 
to the address 
inputs 
Ao, A1 and A2 (Ao and A1 
only for MAX311). The address decoder 
selects chan- 
nels as shown 
in the truth 
tables 
(Table 1). All digital 
inputs 
are 
compatible 
with 
TTL 
and 
CMOS 
logic 
levels. 


Break-before-make 
switch 
timing 
is guaranteed 
for 
both 
multiplexers. 
This 
prevents 
momentary 
short- 
ing of inputs when changing 
multiplexer 
channels. 


MAX311 


SIA. 
~-r- 
Su 
/' 
I 


-( 
I 
OUT, 
s" 
~II 
s.. 
I 
I 


s" 
1?±B-1;(': 
I 
I -r- I 
S28 
I 
I 
OUT. 
S38 
I 
-r:::: 


84B -----r: I 
I 
I 


The MAX310 and MAX311 are also fully 
bilateral 
and 


so can be used "backwards", 
as demultiplexers, 
with 
no loss in performance. 
Specifically, 
one input signal 
can be routed to one of several outputs. 


TABLE 1. CHANNEL SELECTION 
INPUT CODES 


MAX31 0 
MAX311 
A2 
Al 
Ao 
EN 
ON Channel 
Al 
Ao 
EN 
ON Channel 


0 
0 
0 
1 
1 
0 
0 
1 
1A+18 
0 
0 
1 
1 
2 
0 
1 
1 
2A + 28 
0 
1 
0 
1 
3 
1 
0 
1 
3A + 38 
0 
1 
1 
1 
4 
1 
1 
1 
4A +48 
1 
0 
0 
1 
5 
X 
X 
0 
ALL OFF 
1 
0 
1 
1 
6 
1 
1 
0 
1 
7 
1 
1 
1 
1 
8 
X 
X 
X 
0 
ALL OFF 


--------Appllcatlon 
Hint. 
Ma1ClmllClnglsolatlon 


With 
all high frequency 
circuits, 
careful 
printed 
cir- 
cuit 
board 
layout 
is essential 
for optimum 
perform- 
ance. To maintain 
the high frequency 
isolation 
of the 
MAX310/311, 
signal 
paths 
should 
be of 
minimum 
length 
and ground 
plane should 
be used where 
pos- 
sible, 
including 
between 
adjacent 
input 
pins. 
A 
ground 
or 
power 
supply 
trace 
between 
adjacent D 
inputs 
will 
markedly 
improve 
isolation 
between 
channels. 


Both V+ and V- should 
be bypassed 
to ground 
with 
0.1 f.LFceramic 
capacitors. 
The 
leads of the 
capaci- 
tors should 
be kept as short 
as possible 
to minimize 


series inductance. 
The bypass capacitors 
should 
also 
be located 
as physically 
close 
to the multiplexer 
as 
possible. 


Input Capacitance 


The capacitance 
of an input 
channel 
changes 
from 
about 
5pF 
in the 
OFF state 
to around 
45pF 
when 
ON. To minimize 
bandwidth 
reduction 
due to input 
capacitance, 
the inputs 
should 
be driven 
from 
a low 
impedance 
source. 
A 750 
source 
impedance 
results 
in a 3dB frequency 
response 
of 47MHz when 
loaded 
with 45pF. 


Charge Injection 


With 
±15V 
supplies, 
injected 
charge 
from 
the 
inter- 
nal switch 
drive circuitry 
to the analog 
signal 
path is 
typically 
110 picocoulombs. 
As shown 
in the Typical 
Characteristics 
graph, 
charge 
injection 
is relatively 
independent 
of the analog signal voltage. 


In•• rtlon Loss 


With ±15V supplies 
and ±2V video signals, 
the 1200 
typical 
ON resistance 
of the MAX310/311 
results 
in 
-8.3dB 
insertion 
loss when 
used with 
a 750 
output 
load. This insertion 
loss is virtually 
constant 
from DC 
to over 20M Hz. 


INPUT CHANNEL 
OUTPUT - INPUT PHASE SHIFT 
MAX311 
RL; 
10kO 
RL; 750 


8, 
-22° 
-12° 
82 
-21° 
-11.5° 
83 
-20° 
-11.5' 
8, 
-20° 
-11.2' 
85 
-20° 
-11.2° 
86 
-20,5° 
-11.4° 
87 
-20.7' 
-11.5° 
86 
-20.4° 
-11.5° 


Oparatlon with Power Supplies 
Other Than ±15V 


Table 3 shows 
how 
different 
power 
supply 
voltages 
affect 
the 
MAX310/311's 
analog 
signal 
range 
and 
channel 
ON 
resistance 
(RON). 
This 
data 
is 
also 
shown 
graphically 
in the Typical 
Operating 
Charac- 
teristics 
section. 
Since 
N-channel 
FETs are used 
in 
the switches, 
RON is determined 
by the voltage 
differ- 
ence 
between 
V+ and the 
input 
voltage. 
For lowest 
RON, 
use a negative 
power 
supply 
(V-) 
equal 
to the 
most 
negative 
input 
voltage, 
and 
a positive 
power 
supply 
(V+) 
30V 
above 
the 
negative 
supply. 
For 
example, 
if only positive signals 
need to be switched, 


use OV for V- and +30V for V+ to achieve 
minimum 
RON. 
This also reduces 
ON resistance 
variation 
with 
analog 
signal 
level 
and 
input 
voltage 
dependent 
changes 
in insertion 
loss, which 
minimizes 
differen- 
tial gain errors. 


The digital 
input 
thresholds 
are nearly 
independent 
of V+, remaining 
near +1.4V over the entire operating 
supply 
voltage 
range 
of ±4.5V 
to ±18V 
(9V to 36V 
single supply). 


The 
MAX310/311 
switching 
delay 
times 
vary some- 
what 
with 
power 
supply 
voltage. 
Access 
time 
(see 
Figure 
2) increases 
from 
typically 
600ns 
with 
±15V 
supplies 
to 3/ls with 
±5V 
supplies. 
Other 
switching 
times are also proportionately 
longer 
with ±5V power 
supplies. 


Propagation Delay and Pha•• Shift 


In Table 2, the typical 
phase shift for each channel 
is 
shown. 
Note that both the phase shift and the phase 
shift difference 
between 
channels 
are reduced 
with a 
750 
output 
load. At 10MHz, 
the channel-to-channel 
match is better than 10 with a 750 load and improves 
as the frequency 
is reduced. 


Phase shift 
measurements 
for the MAX311 
are sim- 
ilar to those 
in Table 
2. The 
data 
for 
the 
MAX310 
channels 
1 to 4 corresponds 
to MAX311 channels 
1A 
to 4A, Channels 
5 to 8 correspond 
to MAX311 
chan- 


nels 1B to 4B. 


TABLE 3. SIGNAL 
RANGE 
AND 
RON 
vs SUPPLY VOLTAGE 


SUPPLY VOLTAGE 
TYPICAL RONAT VIN 
SIGNAL RANGE 
V- 
y+ 
NEGATIVE 
POSITIVE 


-15 
+15V 
-15V to +12V 
1040 at -10V 
2650 at +10V 
-5V to +5V 
1150 at -5V 
1500 at +5V 
GND 
+15V 
OVto +12V 
1200 atOV 
1500 at +5V 
GND 
+30V 
OVto +27V 
900 at OV 
1000 at +5V 
-5V 
+5V 
-5V to +2V 
2400 at -2V 
4800 at +2V 
-10V 
+10V 
-10V to +7V 
1400 at -5V 
2200 at +5V 
-5V 
+15V 
-5V to +12V 
1150 at -5V 
1500 at +5V 
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8, 
GND 


8, 
A, 


12Y,.s 
"- 
750 
83 
A, 
0.8Y 
5MHz 


8. 
""'AXI"'" 
AD 
MAX310 
-::- 
8, 
EN 


8, 
Y+ 


8, 
DUT 


8, 
Y- 
750 


-::- 


OFF lsol.flon "'"suTement. 


Figure 3 is used to test and specify 
the MAX310/311's 


single 
channel 
OFF isolation. 
In the case illustrated, 
channel 
51 has signal 
applied 
while 
all other 
inputs 


are grounded 
through 
750 
except 
for the ON chan- 


nel 
(52 
in 
Figure 
3). 
This 
is 
shorted 
directly 
to 


ground 
to prevent 
pickup 
from external 
wiring. 
Each 


channel 
meets this test to an isolation 
limit of -66dB 


at 5MHz. 


3.2VIIMS 
5MHz 


"- 


8, 
GND 


-::- 
A, 


} 
INPUTCDDE 
A, 
WHICHTURN8 
S2 DN' 
8. ""'A X I"'" 
AD 


8, 
MAX310 
+2.4V 
EN 


8, 
Y+ 


8, 
DUT 
Your 
-::- 
8, 
Y- 


All750 
750 
8, 
GND 


8, 
A, 


} 
INPUT CDDE 


83 
A, 
WHICHTURN8 
8. DN" 


I 
8. 
""'AXI"'" 
AD 


I 
750 
8, 
MAX310 
EN 
'lAY 
I, 
~ 
8, 
Y+ 


8, 
DUT 


You, 
8, 
Y- 


750 


3.2VRMS 
"'"'"' 
750 
5MHz 


• Circuit shown for 5, isolation with 52 ON. The 
ON channel is shorted to GND. Other channels 
are measured in a similar fashion. 


Figure 4 shows 
the test circuit 
for OFF isolation 
with 


all 
channels 
driven. 
The 
impedance 
of the 
source 


connected 
to the selected 
channel 
(in this case, 54) 


significantly 
affects 
feedthrough. 
With 
a 750 
source 


impedance 
the 
typical 
measured 
OFF 
isolation 
is 


-58dB 
at 5MHz. This increases 
to -63dB 
if the source 


impedance 
is reduced 
to 100 
or less. OFF isolation 


also increases 
with 
decreasing 
frequency. 
For exam- 


ple, when 
the frequency 
is reduced 
from 
10MHz 
to 


1MHz the 
isolation 
improvement 
is typically 
-20dB. 
Figure 5 shows a similar 
circuit 
for testing 
all-channel 


isolation 
with the multiplexer 
disabled 
(EN low). 


Figure 5. All Channel OFF Isolafion (lSOAC) Tesf 
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y, 


100 


S, 
GNO 


-=- 
S, 
A, 


S, 
AI 


S. 
NI.IJXINI 
AD 
100 
MAX310 
S, 
EN 


-=- 
S. 
y' 


S, 
OUT 


S. 
y- 


150.=20 LOG ~ 
V,orV3 


} 


INPUT CODE 
FOR S, 


S, 
GNO 


S, 
A, 


'3Y 
S, 
AI 
JL 
TTlIN 
OY 
S. 
,,;1;1A X 1/1f'I 
AD 


S, 
MAX310 
EN 
'Z4Y 


S. 
Y' 


S, 
OUT 


S. 


VOUl 
Y- 


±5V 
S, 
GNO 


S, 
A, 


S, 
AI 
·Day 


S. 
NI.IJXINI 
AD 


S, 
MAX310 


~DV 
EN 


S. 
Y' 
.15V 


S, 
OUT 
~DI.F 


S. 
Y- 


Ito 


-=- 


CMOS RF/Video Multiplexers 


S, 
GNO 


S, 
A, 


V~ 
~ 
--4.5V 
S, 
A, 


OV 
TTliN 


'3V I 
I 
I 
I 
S• 
.MAXI.M 
AD 


TT~I 
I 
I 
S, 
MAX310 


EN 
'Z4V 
OV 
I 
I 


S8 
V· 
+15V 
·'4.2V 
VDUTjVL 
jVL 
S, 
OUT 
Your 


S8 
v- 
10,-10,,' 


IKO 


IO.I.F 
':" 
'tON - tOFFis defined as the shortest of +5V and -5V input case. 


ISIUFF)- 
±5V 
S, 
GNO 


S, 
A, 


} 


INPUT CODE 


+sv 
S, 
A, 
WHICH TURNS 


.MAXI.M 
S, OFF' 
S. 
AD 


S, 
MAX310 
'Z4V 
EN 


S8 
y' 
+15V 


S, 
OUT 
OPEN 
~OI.F 


S8 
y- 
-15V 


I01•F 


S, 
GNO 


S, 
A, 


INPUT CODE 


+sv 
S, 
A, 
WHICH TURNS 
SION' 


S• 
.MAXI.M 
AD 


S, 
MAX310 
EN 
'Z4V 


S8 
y' 


S, 
OUT 


±5V 


S8 
V- 


S, 
GNO 


S, 
A, 


S, 
A, 
O.8V 


S. 
.MAXIN! 
AD 
MAX310 


S, 
EN 


S8 
y' 


=t=5V 
S, 
OUT 


S8 
V- 
-15Y 


I01•F 


S, 
GNO 


S, 
A, 
} 


INPUT CODE 


S, 
A, 
FOR EACH 
CHANNEL 
S. 
.MAXI.M 
AD 
MAX310 
S, 
EN 


S8 
V· 


S, 
OUT 


S8 
y- 


750 


Q = Cl(dVoUT) 


':" 


CMOS RF/Video Multiplexers 


•••• 
Typical Applications 
•••• 


~ 
S, 
&NO 
SIl 
OUT, 
0 
A, 


C~ 1 
S, 
A, 
S" 
GND 


•••• 
S3 
A, 
A, 
S" 
A, 
":" 
A, 


5 


s, 
Ao 
All 
S•• 
All 
All 
.NIAXI.NI 
.NIAXI.NI 
S, MAX310 
EN 
AI 
S"MAX311 
EN 
A, 


Se 
v· 
s" 
v· 
I 


S, 
OUT 
S38 
OUT, 
OUT, 


Se 
v- 
a., 
v- 
-15V 
OUT, 


18 'NPUT 
~o.lpF 


CHANNELS 


S, 
GND 
SIl 
OUT, 
C~ 5 
S, 
A, 
S" 
GND 


S3 
A, 


S, 
All 


.NIAXI.NI 


S, MAX310 
EN 
Se 
v· 


S, 
OUT 


S, 
v- 


S" 
AI 


S.. 
Ao 
.NIAXI.NI 
S"MAX311 
EN 
sm 
V.•. 


S3I 
OUT, 


S.. 
V- 


I~I 
1145mm) 


1 
16 
r 


15 


14 


13 


-ll!L 
15.46 mm) 


lZ 
L 


11 


10 


~~I~JXI~~I 


Fault-Protected 
Analog Multiplexer 


_______ 
General Description 


Maxim's HI-508A and MAX358 are 8 channel single- 
ended 
(1 of 8) multiplexers 
with 
fault 
protection. 
Maxim's 
HI-509A and MAX359 are 4 channel 
differ- 
ential 
(2 of 
8) 
multiplexers 
with 
fault 
protection. 


Using 
a series 
N-channel, 
P-channel, 
N-channel 


structure, 
these 
multiplexers 
provide 
significantly 
improved 
fault 
protection. 
If the power supplies 
to 


the Maxim 
fault-protected 
multiplexer 
are inadver- 


tently turned off while input voltages are still applied, 
all channels 
in the multiplexer 
are turned 
off, and 
only a few nanoamperes 
of leakage current will flow 


into the inputs. This protects not only the multiplexer 
and the circuitry 
driven by the multiplexer, 
but also 
protects 
the sensors or signal 
sources 
which 
drive 


the multiplexer. 


The Maxim series N-channel, 
P-channel, 
N-channel 
protection 
structure 
has two significant 
advantages 
over the simple 
current 
limiting 
protection 
scheme 
of the first 
generation 
fault 
protected 
multiplexers. 


First, the Maxim protection scheme limits fault currents 
to nanoamp 
leakage values rather than many milli- 
amperes. This prevents damage to sensors or other 
sensitive 
signal 
sources. 
Second, 
the Maxim 
fault- 
protected 
multiplexers 
can withstand 
a continuous 


±35V overvoltage, 
unlike the first generation 
which 
has a continuous 
overvoltage 
limitation 
of 
about 
±10V imposed 
by power dissipation 
considerations. 


All digital 
inputs 
have logic thresholds 
of O.8V and 
2.4V, ensuring 
both 
TTL 
and 
CMOS 
compatibility 


without 
requiring 
pullup 
resistors. 
Break-before- 
make operation 
is guaranteed. Power supply currents 
have been reduced 
and typical 
power dissipation 
is 


less than 2 milliwatts. 


Data Acquisition 
Systems 


Industrial 
and Process Control 
Systems 


Avionics Test Equipment 


Signal Routing 
between Systems 


• 
Improved 2nd Source (See "Maxim 
Advantage" on 3rd and 5th page) 


• 
All Switches Off with Power Supplies Off 
• 
On Channel Turns OFF If Overvoltage Occurs 
• 
Only Nanoamperes of Input Current under All 
Fault Conditions 


• 
Latchup-proof Construction 
• 
Operates from ±4.5 to ±18V Supplies 


• 
All Digital Inputs are TTL and CMOS 
Compatible 


PART 
TEMP. RANGE 
PACKAGE 


MAX358CPE 
DOC to +75°C 
16 Lead Plastic DIP 


MAX358CWE 
DOC to +75°C 
16 Lead Wide SO 


MAX358CJE 
DOC to +75°C 
16 Lead CERDIP 


MAX358EPE 
-4DoC to +85° C 
16 Lead Plastic DIP 


MAX358EWE 
-4DoC to +85°C 
16 Lead Wide SO 


MAX358EJE 
-4DoC to +85°C 
16 Lead CERDIP 


MAX358MJE 
-55°C 
to +125°C 
16 Lead CERDIP 


MAX358C/D" 
DOC to +75°C 
Dice 


MAX359CPE 
DOC to +75°C 
16 Lead Plastic DIP 


MAX359CWE 
DOC to +75°C 
16 Lead Wide SO 


MAX359CJE 
DOC to +75°C 
16 Lead CERDIP 


MAX359EPE 
-4DoC to +85°C 
16 Lead Plastic DIP 


MAX359EWE 
-4DoC to +85° C 
16 Lead Wide SO 


MAX359EJE 
-4DoC to +85°C 
16 Lead CERDIP 


MAX359MJE 
-55°C 
to +125°C 
16 Lead CERDIP 


MAX359C/D" 
DOC to +75°C 
Dice 


(Ordering Inlormetlon Is continued on lasl page.) 
•• The 
substrate 
may 
be allowed 
to 
float 
or 
be tied 
to 
V· 


(JI CMOS). 


Ao 
ENABLE 


-VSUPPLY 
IN1 
INz 
INs 
IN4 
OUT 


NlAXINl 


MAX3S8 
HI-SOBA 


Ao 
ENABLE 


-VSUPPLY 
IN1A 
INZA 
INSA 
IN4A 
oUTA 


The "Maxim 
Advantage 


Tto 


" 
signifies 
an upgraded 
quality 
level. At no additional 
cost we offer a second-source 
device that is subject 
to the following: 
guaranteed 
performance 
over temperature 
along with tighter 
test specifications 
on many key parameters; 
and device enhancements, 
when needed. that result in improved 
performance 
without 
changing 
the functionality. 


J'II"IJ'J XIJ'II"I 
".xlm 
Integr.ted 
Product811-9 
NtAXIAlI 
is a registered 
trademark 
of Maxim 
Integrated 
Products. 


Fault-Protected 
Analog Multiplexer 


Continuous 
Current, S or 0 
...............•...... 
, ..... 
20mA 
Peak Current. S or 0 
(Pulsed at 1ms, 10% duty cycle max) ........•......... 
40mA 
Power Dissipation 
(Note 1) (CERDIP) 
1.28W 
Operating 
Temperature 
Range: 


MAX358/359M; 
HI-508A1509A-2, -8 
-55° C to +125° C 
MAX358/359C; 
H 1-508A1509A-5 
. 0° C to +75° C 
MAX358/359E 
-40° C to +85° C 
Storage Temperature Range 
--65°C to +150°C 


Note 1: 
Derate 12.8mW/oC 
above TA ; +75°C 


Voltage between Supply Pins 
+44V 
V+ ....................................•............ 
+22V 
V- 
....................................•............ 
-25V 
Digital Input Overvoltage: 


V 
V 
{Vsupp,y(+) 
+4V 
EN' A 
VSUpp'y(-)'" 
-4V 
Analog Input Overvoltage 
with Multiplexer 
Power On: 


V 
{Vsupp,y{+) 
, 
+20V 
s 
VSuppty(-) 
-20V 
Analog Input Overvoltage 
with Multiplexer 
Power Off: 
V 
{Vsupp,y(+)...................................... 
+35V 
s 
VSupp'yH 
-35V 


Stresses above those listed under "Absolute Maximum 
Ratings" may cause permanent 
damage 
to the device. These 8r8 stress ratings only and functional 


operation 
of the device at these or any other conditions 
above those indicated in the operational 
sections of the specifications 
is not implied. Exposure to 


absolute maximum rating conditions for extended periods may affect device reliability. 


ELECTRICAL CHARACTERISTICS 
Supplies; 
+15V,-15V; VAH(Logic Level High); 
+4.0V, VAL (Logic Level Low); 
+0.8V (unless otherwise 
noted). 


-55°C to +125°C 
O°C to +75°C 
I 
PARAMETER 
SYMBOL 
CONDITIONS 
TEMP 
I UNITS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


STATIC 


ON Resistance 
Vo; 
±10V, Is; 
100"A 
+25°C 
1.2 
1.5 
1.5 
1.8 
kn 
rOSION) 
VAL; 0.8V, VAH; 4V 
Full 
1.5 
1.8 
1.8 
2.0 


OFF Input Leakage 
ISIOFF) 


Vs; ±10V, Vo; 
+10V 
+25°C 
0.03 
0.03 
nA 
Current 
VEN; 0.8V (Note 2) 
Full 
50 
50 


OFF Output Leakage 
Vo; 
±10V, Vs; +10V 
+25°C 
0.1 
0.1 


Current 
IOIOFF) 
VEN; 0.8V 
HI-508A 
Full 
200 
200 
nA 
(Note 2) 
HI-509A 
Full 
100 
100 


ON Channel Leakage 
VSIALLl,,;Vo; 
±10V (Note 2) 
+25°C 
0.1 
0.1 


Current 
IOIONI 
VAH; 
EN; 4V 
HI-508A 
Full 
200 
200 
nA 
VAL; 0.8V 
HI-509A 
Full 
100 
100 


Analog Signal Range 
VAN 
Full 
-15 
,. 
+15 
-15 
+15 
V 


Differential, 
OFF 
IOIFF 
(HI-509A only) 
Full 
50 
50 
nA 
Output Leakage Current 


FAULT 
-' 


Output Leakage Current 
IOIOFFI 


Vo; 
OV 
+25°C 
4.0 
4.0 
nA 


(with Overvoltage) 
Analog Overvoltage 
; ±33V 
Full 
2.0 
"A 
INPUT 


Input Low Threshold 
VAL 
(Note 3) 
_x--v 
Full 
0.8 
0.8 
V 


Input High Threshold 
VAH 
, 


Full 
4.0 
4.0 
V 


Input Leakage 
IA 
VA;4VorOV 
Full 
1.0 
1.0 
"A 
Current (High or Low) 
(Note 4) 


DYNAMIC 


Access Time 
tA 
+25°C 
0.5 
1.0 
0.5 
1.0 
"s 


Break-Belore-Make 
Delay 
tON-tOFF 
VEN; +5V, V'N ; ±10V 
+25°C 
25 
80 
25 
80 
ns 
Ao• A" A2 Strobed 


Enable Delay (ON) 
tONIEN) 
+25°C 
300 
500 
300 


Full 
1000 
1000 
ns 


Enable Delay (OFF) 
tOFFIEN) 
+25°C 
300 
500 
300 
Full 
1000 
1000 
ns 


Settling Time (0.1%) 
tSETT 
+25°C 
1.2 
1.2 
(0.01%) 
3.5 
3.5 
,,5 


Note 2: 
Note 3: 
Note 4: 


Ten nanoamps is the practical lower limit lor high speed measurement 
in the production 
test environment. 


To drive Irom DTLlTTL 
Circuits, 1kn pull-up resistors to +5.0V supply are recommended. 


Digital input leakage is primarily due to the clamp diodes. Typical leakage is less than 1nA at +25°C. 


The electrical characteristics 
above are a reproduction 
of a portion of Harris Corporation's 
1986 Product Data Book. This information 
does not constitute 


any r~pr.esentation by Maxim that Harris's products 
will perform in accordance 
with these specifications. 
The "Electrical Characteristics 
Table" along with 
descflptlve excerpts from the original manufacturer's 
data sheet have been included in this data sheet solely for comparative purposes. 


Fault-Protected 
Analog Multiplexer 


• Only Nanoamps 
of Leakage Under 
Fault Conditions 


• All Switches 
OFF With Power Supplies 
Off 


• 
Channel 
Turns OFF When Overvoltage 
Occurs 


• 
TTL Compatible, 
No Pullups 
Required 


• 
Significantly 
Reduced 
Power Consumption 


• ±4.5V to ±18V Operation 


ABSOLUTE MAXIMUM RATINGS: 
This device conforms to the Absolute Maximum Ratings on adjacent page. 


ELECTRICAL CHARACTERISTICS: 
Specifications 
below satisfy or exceed all "tested" 
parameters on adjacent 
page. 


Supplies = +15V, -15V; VAH(Logic Level High) = +2.4V, VAL(Logic Level Low) = +0.8V (unless otherwise noted). 


DOCto +75°C 
_55° C to +125° C 
and 


PARAMETER 
SYMBOL 
CONDITIONS 
TEMP 
_40° C to +85° C 
UNITS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


STATIC 


ON Resistance 
Vo = ±10V, Is = 100l'A 
+25°C 
1.2 
1.5 
1.5 
1.8 
kn 
roS(ON) 
VAL= 0.8V, VAH= 2.4V 
Full 
1.5 
1.8 
1.8 
2.0 


OFF Input Leakage 
IS(OFF) 


Vs - ±10V, Vo = 'f10V 
+25°C 
0.03 
0.5 
0.03 
1.0 
nA 
Current 
VEN = 0.8V 
Full 
50 
50 


OFF Output 
Leakage 
Vo = ±10V. Vs = 'f10V 
+25°C 
0.1 
1.0 
0.1 
2.0 
10(OFF) 
VEN = 0.8V 
358,508A 
Full 
200 
200 
nA 
Current 
359,509A 
Full 
100 
100 


ON Channel Leakage 
VS(ALL\v=Vo = ±10V (Note 2) 
+25°C 
0.1 
2.0 
0.1 
5.0 
10(ON) 
VAH= 
EN= 2.4V 
358, 508A 
Full 
200 
200 
nA 
Current 
VAL= 0.8V 
359,509A 
Full 
100 
100 


Analog Signal Range 
VAN 
(Note 1) 
Full 
-15 
+15 
-15 
+15 
V 


Differential, 
OFF 
10iFF 
MAX359, HI-509A only 
Full 
50 
50 
nA 
Output Leakage Current 


FAULT 


Output Leakage Current 
10(OFF) 


Vo = OV (Note 2) 
+25°C 
4.0 
4.0 
nA 
(with Overvoltage) 
Analog 
Overvoltage 
= ±33V 
Full 
2.0 
I'A 


Input Leakage Current 
IS(OFF) 
V,N = ±25V. Vo = ±10V 
+25°C 
5.0 
10 
JAA 
(with Overvollage) 
(Note 2) 


Input Leakage Current 
IS(OFF) 
V,N= ±25V. VEN= Vo = OV 
+25°C 
2.0 
5.0 
I'A 
(w. Power Suppllea Off) 
Ao=A,=Aa=OVor5V 


INPUT 


Input Low Threshold 
VAL 
Full 
0.8 
0.8 
V 


Input High Threahold 
VAH 
Full 
2.4 
2.4 
V 


Input Leakage 
IA 
VA= 4V or OV 
Full 
1.0 
1.0 
I'A 
Current 
(High or Low) 
(Note 4) 


DYNAMIC 


Access Time 
tA 
(Figure 1) 
+25'C 
0.5 
1.0 
0.5 
1.0 
I'S 


Break-Before-Make 
Delay 
tOt,tOFF 
VEN= +5V. V,N= ±10V 
+25°C 
25 
80 
25 
80 
ns 
(Figure 2) 
Ao- A" A2 Strobed 


Enable Delay (ON) 
tON(EN) 
(Figure 3) 
+25°C 
300 
500 
300 
ns 
Full 
1000 
1000 


Enable Delay (OFF) 
tOFF(EN) 
(Figure 3) 
+25°C 
300 
500 
300 
ns 
Full 
1000 
1000 


Settling Time (0.1%) 
tSETT 
+25°C 
1.2 
1.2 
(0.01%) 
3.5 
3.5 
I'S 


When the analog signal exceeds +13.5V or -12V the blocking action of Maxim's gate structure goes into operation. Only leakage 
currents flow and the channel on resistance rises to infinity. 
The value shown is the steady state value. The transient leakage is typically 101'A. See detailed description. 
Electrical characteristics, such as ON Resistance, will change when power supplies other than ±15V are used. 
Digital input leakage is primarily due to the clamp diodes. Typical leakage is less than 1nA at +25°C. 


Note 2: 
Note 3: 
Note 4: 


Fault-Protected 
Analog Multiplexer 


ELECTRICAL CHARACTERISTICS (continued) 
Supplies = +15V,-15V; VAH(Logic Level High) '" +4.0V, VAL (Logic Level Low) = +0.8V (unless otherwise 
noted). 


-SsoC to +12SoC 
O°C to +7SoC 
PARAMETER 
CONDITIONS 
TEMP 
UNITS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


DYNAMIC (continued) 


VEN = 0.8V, RL = 1kO, 


"OFF Isolation" 
(Note 5) 
OFF(lso) 
CL = 15pF, V = 7VAMS' 
+25°C 
50 
68 
50 
68 
dB 
f = 100kHz 


Channel Input 
CS(OFF) 
+25°C 
5 
5 
pF 
Capacitance 


Channel Output 
CO(OFF) 
HI-508A 
+25°C 
25 
25 
pF 
Capacitance 
HI-509A 
12 
12 


Digital Input Capacitance 
CA 
+25°C 
5 
5 
pF 


Input to Output 
COS(OFF) 
+25°C 
0.1 
0.1 
pF 
Capacitance 


SUPPLY 


positive Supply 
Current 
VEN• VA= OVor4V 
Full 
0.5 
2.0 
0.5 
2.0 
mA 


Negative Supply Current 
VEN, VA= OVor 4V 
Full 
0.02 
1.0 
0.02 
1.0 
mA 


NoteS: 
Worst case isolation occurs on channel 4 due to proximity 
to the output pins. 


The electrical 
characteristics 
above are a reproduction 
of a portion of Harris Corporation's 
1986 Product DatB Book. This information 
does not constitute 
any representation 
by Maxim that Harris's products 
will perform in accordance 
with these specifications. 
The "Electrical Characteristics 
Tabls" along with 
descriptive excerpts from the original manufacturer's 
data shest have been included in this data sheet solely for comparative purposes. 


v 
.4.DV 
ADDRESS 


~ 


" 
DRIVEIV.I 


50% 


DV 
I 
- 
I 
I 
I 
I 
--l 


INl 
Nt/lXI/VI 
INZ 


MAX358 
THI~~ 


HI-508A 
INS 


OUT 


V,,, MV 
II 
ADDRESS 


~ 
L;EIVAl 


Fault-Protected 
Analog Multiplexer 


ELECTRICAL CHARACTERISTICS 
(continued) 


Supplies = +15V, -15V; VAH(Logic Level High) = +2.4V, VAL(Logic Level Low) = +0.8V (unless otherwise 
noted). 


DOCto +75°C 
_55° C to +125°C 
and 


PARAMETER 
SYMBOL 
CONDITIONS 
TEMP 
_40° C to +85° C 
UNITS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


DYNAMIC 
(continued) 


VEN = 0.8V, RL = 1kil, 


"OFF Isolation" 
OFF(ISO) 
CL = 15pF, V = 7VRMS' 
+25°C 
50 
68 
50 
68 
dB 


f = 100kHz 


Channel Input 
CS(OFF) 
+25'C 
5 
5 
pF 
Capacitance 


Channel Output 
COIOFF) 
MAX358. HI-508A 
+25'C 
25 
25 
pF 
Capacitance 
MAX359. HI-509A 
12 
12 


Digital Input Capacitance 
CA 
+25°C 
5 
5 
pF 


Input to Output 
COSIOFF) 
+25'C 
0.1 
0.1 
pF 
Capacitance 


SUPPLY 


POllllve Supply Curren' 
1+ 
VEN = 0.8V, or 2.4V 
+25°C 
0.1 
0.6 
0.2 
1.0 
mA 
All VA= OV or 5V 
Full 
0.3 
0.7 
0.5 
1.0 


Neg8.lve Supply Curren' 
1- 
VEN = 0.8V or 2.4V 
+25°C 
0.01 
0.1 
0.01 
0.1 
mA 
All VA= OV or 5V 
Full 
0.02 
0.2 
0.02 
0.1 


Power Supply Range for 
VOP 
(NoteS) 
+25°C 
±4.5 
±18 
±4.5 
±18 
V 
ContlnuoUl 
Operation 


V••• 
3.OV 
A, 


:/ 
______ 
\ 
ENABLE DRIVE 


olOV 


.MAXI.M 


MAX358 
I 
I 
OV 
"HI-508A 
":" 
I 
I 
OUT 
I ~(( 
I 
~ 


GNO 


I 
It 
I 
I 
I 
":" 
I 
I 
I 
I 
-1 
tOMIEtl1 I-- 
I 
I 


":" 
I 
I -t 
IOff~"~ 
":" 
"SIMILAR 
CONNECTION FOR MAX3SB AND HI·5Oll\ 


OV 


V· 


.MAXI.M 


MAX35B 
HI-50BA 
OUT 


V- 
111<0 
EIII 


":" 
OV 


.I'YI.lJXINI 


MAX35B 
HI-50BA 


Fault-Protected 
Analog Multiplexer 


INPUT 
LEAKAGE 
VS. 
INPUT 
VOLTAGE 
WITH 
V·=V-=OV 


lmA 


11Il,.A 


IO,.A 


I,.A 


IIIOlA 


I!)IA 


lnA 


l~A 


IIJpA 


-50 
-30 


OFF CHANNEL 
LEAKAGE 
CURRENT 
VS. INPUT 
VOLTAGE 
WITH 
±15V SUPPLIES 


~ 
1"A 


i2 
~ 
l~A 
il:+i 
)()lA 
~ 
lnA.. 
~ 


~ 
l~A 


±5 
POWER 
SUPPlIES 
"IOY 
POWER 
SUPPUES 


C 
3kn 
••"! 2kn 


VIIIYI 


ANALD6 
INPUT 


OUTPUT 
LEAKAGE 
VS. 


OFF CHANNEL 
OVERVOLTAGE 
WITH 
±15V SUPPLIES 


A. 
A, 
Ao 
EN 
ON 
SWITCH 


X 
X 
X 
0 
NONE 


0 
0 
0 
1 
1 


0 
0 
1 
1 
2 


0 
1 
0 
1 
3 


0 
1 
1 
1 
4 


1 
0 
0 
1 
5 


1 
0 
1 
1 
6 


1 
1 
0 
1 
7 


1 
1 
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______ 
Typlcal Applications 


Figure 
7 shows 
a typical 
data acquisition 
system 
using the MAX358 multiplexer. 
Since the multiplexer 


is driving 
a high impedance 
input, its error is a func- 


tion of its own resistance 
(ROS{ON) times the multi- 
plexer leakage current 
(lO(ON) and the amplifier 
bias 


current 
(ISlAS): 


VERR= ROS{ON)x (lO(ON) + ISlAS (MAX420» 
= 1.5k x (2nA + 30pA) 
= 3.05pV maximum 
error 


In most 
cases, this 
error 
is low 
enough 
that 
pre- 


amplification 
of input 
signals 
is not needed, 
even 


with 
very 
low 
level signals, 
such 
as 40p.VloC from 
type J thermocouples. 


In systems 
with 
fewer 
than 
8 inputs, 
an 
unused 


channel 
can 
be connected 
to the 
system 
ground 


reference 
point 
for 
software 
zero 
correction. 
A 


second 
channel 
connected 
to the 
system 
voltage 


reference 
allows 
gain correction 
of the entire 
data 


acquisition 
system as well. 


A MAX 420 precision 
op-amp 
is connected 
as a pro- 


grammable 
gain amplifier, 
with gains ranging from 1 


to 10,000. The guaranteed 
5p.V unadjusted 
offset of 


the MAX420 
maintains 
high signal 
accuracy, 
while 


programmable 
gain allows the output 
signal level to 
be scaled to the optimum 
range for the remainder 
of 


! 
w 
81 
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the data acquisition 
system, normally 
a Sample/Hold 


and AID. Since the gain-changing 
multiplexer 
is not 


connected 
to the external sensors, it can be either a 


DG508A multiplexer 
or the fault protected 
MAX358. 


Input switching, 
however, must be done with a fault 


protected 
MAX358 multiplexer 
if it is to provide the 


level of protection 
and isolation 
required 
with 
most 


data acquisition 
inputs. Since external signal sources 


may continue 
to supply voltage when the multiplexer 


and system power are turned off, non-fault 
protected 


multiplexers, 
or even first-generation 
fault protected 


devices, will allow many milliamps 
of fault current 
to 


flow from outside 
sources 
into the multiplexer. 
The 


result could 
be damage to either the sensors or the 


multiplexer. 
A non-fault 
protected 
multiplexer 
will 
also allow input overvoltages 
to appear at its output, 


perhaps 
damaging 
Sample/Holds 
or 
AIDs. 
Such 


input overdrives may also cause input-to-input 
shorts, 


allowing 
the high 
current 
output 
of one sensor 
to 


possibly damage another. 


The 
MAX358 eliminates 
all of the above 
problems 


since 
it not 
only 
limits 
its output 
voltage 
to safe 


levels, 
with 
or without 
power 
applied 
(+Vsup and l1li 
-Vsup), but also turns all channels 
off when power is 


removed, drawing 
only sub-microamp 
fault currents 


from the inputs, 
and maintaining 
isolation 
between 
inputs for continuous 
overvoltages 
up to ±35V. 


_______ 
Detailed 
Description 


Fault Protaction Circuitry 


Maxim's 
HI-50BA/509A 
and 
MAX35B/359 
are fully 
fault-protected 
for continuous 
input voltages 
up to 


±35V, whether 
or not the +Vsup and -Vsup 
power 
supplies 
are present. 
These 
devices 
use a "series 
FET" protection 
scheme which not only protects the 
multiplexer 
output 
from overvoltage, 
but also limits 


the input current 
to sub-microamp 
levels. This fault 
current is several orders of magnitude 
lower than the 
original 
manufacturer's 
HI-50BA (several milliamps), 


which 
uses 1 to 2kfl 
protection 
resistors 
in series 
with parasitic diodes connected 
to +Vsup and -VsuP. 


Figures 
Band 
9 show 
how the series FET circuit 
protects against overvoltage conditions. 
When power 


is off, the gates of all three FETs are at ground. With 
a -25V input, N-channel 
FET 01 is turned on by the 


+25V gate-to-source 
voltage. The P-channel 
device 


(02), however, has +25V VGSand is turned off, there- 
by preventing 
the 
input 
signal 
from 
reaching 
the 
output. If the input voltage is +25V, 01 has a negative 
VGS,which turns it off. Similarly, only sub-microamp 
leakage currents 
can flow from the output 
back to 
the input, 
since any voltage 
will turn off either 01 


or 02. 


-25V 
OVERVOlTAGE 


N·CHANNEL Mosm 
TG 
IS TURNED ON 
...l!! 
BECAUSE V" 
= >25V 
P-CHANNEL 
MOSFET IS OFF 


>25V 
OVERVOLTAGE 


N·CHANNEL MOSFET 
IS TURNED OFF 
BECAUSE V" 
• -25V 


Figure 
10 shows the condition 
of an OFF channel 
with +Vsup and -Vsup present. As with Figures Band 
9, either an N-channel 
or a P-channel 
device will be 
off for any input 
voltage 
from 
-35V 
to +35V. The 


leakage current with negative overvoltages will imme- 
diately drop to a few nanoamps at 25°C. For positive 
overvoltages 
that fault current 
will initially 
be 10 or 


20p.A, decaying over a few seconds to the nanoamp 
level. The time constant 
of this decay is caused by 


the discharge 
of stored charge from internal 
nodes 


and 
does 
not 
compromise 
the 
fault 
protection 
scheme. 


Figure 
11 shows the condition 
of the ON channel 


with +Vsup and -Vsup present. With input 
voltages 


less than ±10V, all three FETs are on and the input 
signal 
appears 
at the output. 
If the 
input 
voltage 
exceeds +Vsup minus the N-channel 
threshold 
volt- 
age (VTN), then the N-channel 
FET will turn off. For 


voltages 
more 
negative 
than 
-Vsup 
minus 
the 
P- 


channel 
threshold 
(VTP), the P-channel 
device will 


turn 
off. 
Since 
VTN is typically 
1.5V and 
VTP is 


typically 
3V, the multiplexer's 
output swing is limited 


to about -12V to +13.5V with ±15V supplies. 


-25V 
OVERVOlTAGE 


N-CHANNEL MOSFET 
J--hd 
IS TURNED ON 
BECAUSE V,,· 
>IOV 
-15V FROM 
>15V FROM 
DRIVERS 
DRIVERS 


P·CHANNEL 
MOSFET IS OFF 


>25V FORCED 
ON COMMON 
OUTPUT 
LINE BY 
EXTERNAL 
CIRCUITRY 


N-CHANNEL 
MOSFET IS OFF 


Figure 10. -25V Overvoltage on an OFF Channel with 
Multiplexer Power Supply ON 
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The 
Typical 
Characteristics 
graphs 
show 
typical 
leakage vs. input voltage curves. Although 
the max- 
imum rated overvoltage 
of these devices is ±35V, the 
MAX358/359 
typically 
has excellent 
performance 
up 
to ±40V, providing 
additional 
margin for the unknown 
transients 
that exist 
in the real world. 
In summary, 
the MAX358/359 
provides 
superior 
protection 
from 
all fault 
conditions, 
while 
using a standard, 
readily 
produced 
junction 
isolated CMOS process. 


Switching Characteristics 
and Charge Injection 


Table 1 shows typical charge injection levels vs. power 
supply 
voltages 
and analog 
input voltage. Note that 
since the channels 
are well matched, the differential 
charge injection 
for the MAX359/HI-509A 
is typically 
less than 5 picocoulombs. 
The charge injection 
that 
occurs 
during 
switching 
creates a voltage transient 
whose 
magnitude 
is inversely 
proportional 
to 
the 
capacitance 
on the multiplexer 
output. 


The 
channel-to-channel 
switching 
time 
is typically 
600ns, with about 200ns of break before make delay. 
This 
200ns 
break-before-make 
delay 
prevents 
the 
input-to-input 
short 
that 
would 
occur 
if two 
input 
channels 
were simultaneously 
connected 
to the out- 
put. In a typical 
data acquisition 
system such as Fig- 
ure 7, the dominant 
delay is not the switching 
time of 
the MAX358 multiplexer, 
but is the settling time of the 
following 
amplifiers 
and S/H. Another 
limiting 
factor 
is the RC time constant 
of the multiplexer 
ROS(ONj 
plus the signal 
source 
impedance 
multiplied 
by the 
load capacitance 
on the output 
of the multiplexer. 
Even with 
low signal 
source 
impedances, 
100pF of 
capacitance 
on the multiplexer 
output 
will approxi- 
mately double the settling time to 0.01% accuracy. 


Operation with Supply Voltages 
Other than ±15V 


The main effect of supply voltages other than ±15V is 
the reduction 
in output 
signal 
range. The MAX358 
limits the output 
voltage to about 
1.5V below +Vsup 
and about 3V above -VsuP. In other words, the output 
swing is limited to +3.5V to -2V when operating 
from 
±5V. The typical 
characteristics 
graphs show typical 
ROS(ONj for 
±15V, ±10V, and ±5V 
power 
supplies. 


Maxim 
tests 
and 
guarantees 
the 
MAX358/359 
for 
operation from ±4.5V to ±18V supplies. The switching 
delays are increased 
by about a factor 
of 2 at ±5V, 
but break-before-make 
action is preserved. 


The MAX358/9 
can be operated 
with a single +9V to 
+22V supply, as well as asymmetrical 
power supplies 
such 
at +15V and 
-5V. The 
digital 
threshold 
will 
remain 
approximately 
1.6V above 
the Ground 
pin, 


and the analog 
characteristics 
such as ROS(ONj are 
determined 
by the total 
voltage 
difference 
between 
+Vsup and -VsuP. Connect -Vsup to OV when operat- 
ing with a +9V to +22V single supply. 


The MAX358 digital threshold 
is relatively 
independ- 
ent 
of 
the 
power 
supply 
voltages, 
going 
from 
a 


Table 1A. MAX358 AND HI-508A 
CHARGE INJECTION 


Supply Voltage 
Analog Input Level 
Injected Chlrge 


+1.7V 
+lOOpC 


±5V 
OV 
+70pC 
-1.7V 
+45pC 


+5V 
+2oopC 


±10V 
OV 
+130pC 
-5V 
+60pC 


+10V 
+300pC 
±15V 
OV 
+180pC 
-10V 
+50pC 


Test Conditions: 
CL = 1OO0pFon multiplexer 
output; the tabulated 


analog input level is applied to channell; 
channels 
2 through 
8 
inputs are open circuited. 
EN = +5V. A, = Az = OV,Ao is toggled 
at 
2kHz rate between OVand 3V. +100 picocoulombs 
of charge creates 


a +100mV step when injected into a 1oo0pF load capacitance. 


Table 18. MAX359 AND HI-509A 
CHARGE INJECTION 


Supply 
Analog 
Injected Charge 


Voltage 
Input Level 
QutA 
Qut B 
Differential 
A-B 


+1.7V 
+105pC 
+107pC 
-2pC 
±5V 
OV 
+73pC 
+74pC 
-lpC 
-1.7V 
+48pC 
+50pC 
-2pC 


+5V 
+215pC 
+220pC 
-5pC 
±10V 
OV 
+135pC 
+139pC 
-4pC 
-5V 
+62pC 
+63pC 
-lpC 


+10V 
+325pC 
+330pC 
-5pC 
±15V 
OV 
+l80pC 
+185pC 
-5pC 
-10V 
+55pC 
+55pC 
OpC 


Test Conditions: 
CL = 1oo0pF on Out A and Out B; the tabulated 
analog input ievel is applied to inputs 1A and 1B; channels2through 
4 are open circuited. 
EN = +5V,A, = OV,Ao is toggled from OVto 3V at 
a 2kHz rate. 


typical 
1.6V when +Vsup is 15V to 1.5V typical with a 
5V +VsuP. This means that Maxim HI-508/509A 
and 
MAX358/359 
will 
operate 
with 
standard 
TTL 
logic 
levels, even with ±5V power supplies. In all cases, the 
threshold 
of the ENable pin is the same as the other 
logic inputs. 


Digital Interface Levels 


The typical digital threshold of both the address lines and 
the enable pin is 1.6V,with a temperature coefficient 
of 
about -3mVloC. This ensures compatibility 
with 0.8V to 
2.4V TTL logic swings over the entire temperature range. 
The digital threshold 
is relatively independent 
of the 
supply voltages, moving from 1.6Vtypical to 1.5Vtypical 
as the power supplies are reduced from ±15V to±5V.ln 
all cases, the digital 
threshold 
is referenced 
to the 
Ground 
pin. 


The digital inputs can also be driven with CMOS logic 
IDI 


Fault-Protected 
Analog Multiplexer 


levels swinging 
from 
either 
+Vsup to -Vsup 
or from 


+VsuP to Ground. 
The digital 
input current 
is just a few 


nanoamps 
of leakage at all input voltage 
levels, with a 


guaranteed 
maximum 
of 1J.LA. The digital 
inputs 
are 


protected 
from ESD by a 30V zener diode between the 


input 
and +VsuP, and can be driven 
±f3V beyond 
the 


supplies 
without 
drawing 
excessive 
current. 


Operation a. a Demultiplexer 


The MAX358/9 
will function 
as a demultiplexer, 
where 


the input is applied to the Output 
pin, and the Input pins 


are used 
as outputs. 
The 
MAX358/9 
provides 
both 


break-before-make 
action and full fault protection 
when 


operated 
as a demultiplexer, 
unlike earlier generations 


of fault protected 
multiplexers. 


Channe/·to.Chennel Cr088talk, 
Off I.o/atlon and Digital Feedthrough 


At DC and 
low frequencies 
the channel-to-channel 


crosstalk 
is caused 
by variations 
in output 
leakage 


currents as the off channel input voltages are varied. The 
MAX358 output 
leakage varies only a few picoamps 
as 


all? off inputs are toggled from -10V to +10V.The output 
voltage change 
depends on the impedance 
level at the 


MAX358 output, 
which 
is RDS(ONj plus the input signal 


source resistance in most cases since the load driven by 
the MAX358 is usually 
a high impedance. 
For a signal 


source 
impedance 
of 10kO or lower, the DC crosstalk 


exceeds 
120dB. 


Table 2 shows 
typical 
AC crosstalk 
and off isolation 


performance. 
Digital 
feedthrough 
is masked 
by the 


analog 
charge 
injection 
when the output 
is enabled. 
When the output 
is disabled, 
the digital feedthrough 
is 


virtually 
unmeasureable, 
since 
the 
digital 
pins 
are 


physically 
isolated 
from 
the 
analog 
section 
by the 


Ground 
and -Vsup pins. The groundplane 
formed 
by 


these 
lines 
is continued 
onto 
the 
MAX358/9 
die to 
provide 
over 100dB isolation 
between 
the digital 
and 


analog 
sections. 


Table 2A. TYPICAL OFF ISOLATION 
REJECTION RATIO 


Frequency 
100kHz 
500kHz 
1MHz 


One Channel Driven 
74dB 
72dB 
66dB 


All Channels 
Driven 
64dB 
46dB 
44dB 


Test Conditions: 
V'N = 20VPK_PK at the tabulated frequency, 
RL = 1.5k 


between OUT and ground, 
EN = OV. 


20VPK_PK 
OIRR = 20 
Log 
VOUT 
(PK-PKI 


Table 28. TYPICAL CROSSTALK 
REJECTION RATIO 


Frequency 
100kHz 
500kHz 
1MHz 


RL = 1.5k 
70dB 
66dB 
64dB 


RL = 10k 
62dB 
46dB 
42dB 


Test Conditions: 
Specified RL connected from OUT to ground, EN = 


+5V, Ao = A, = A2 = +5V (Channel 
1 selected). 
20VpK_PK 
at the 


tabulated frequency 
is applied to Channel 2. All other channels are 


open circuited. SimiJarcrosstalk 
rejection can be observed between 


any two channels. 
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PART 
TEMP. RANGE 
PACKAGE 


HI1-0S08A-2 
-SsoC to +12SoC 
16 Lead CERDIP 


HI1-0S08A-S' 
O°C to +7SoC 
16 Lead CERDIP 


HI3-0S08A-S' 
O°C to +7SoC 
16 Lead Plastic DIP 


HI1-QS09A-2 
-SsoC to +12SoC 
16 Lead CERDIP 


HI1-0S09A-S' 
O°C to +7SoC 
16 Lead CERDIP 


HI3-0S09A-S' 
O°C to +7SoC 
16 Lead Plastic DIP 


'Maxim 
burns 
in all devices 
at 1S0°C. Maxim's 
-S device 
is 


therefore 
equivalent 
to the original 
manufacturer's 
-7 product. 


MAX358 
HI-508A 


0.158' 


(4.01mm) 


MAX359 
HI-509A 


~ 


n131r~ 
(3.531mm) 


OUT, 
OUT, 


~ 


-INK 
I 


IN.. 
0.158' 


(4.01mm) 


l1li 


_______ 
Genersl Description 


Maxim's DG506A and DG507A are monolithic 
CMOS 
analog 
multiplexers. 
The 
DG506A 
is a single 
16 
channel 
(1 of 16) multiplexer, 
and the DG507A 
is a 
differential 
8 channel 
(2 of 16) multiplexer. 


Both 
devices 
feature 
break-before-make 
switching. 
Maxim 
guarantees 
that 
these 
multiplexers 
will 
not 
latch-up 
if the power supplies are turned off with the 
input 
signals 
still present as long as absolute 
maxi- 
mum ratings are not violated. The multiplexers operate 
over 
a wide 
range 
of 
power 
supplies 
from 
±4.5V 
to ±18V. 


Compared 
to 
the 
original 
manufacturer's 
devices, 
Maxim's DG506A and DG507A consume significantly 
less power, making them ideal for portable equipment. 


Maxim's 
DG506A and 
DG507A 
meet or exceed 
the 
specifications 
of, and are drop-in 
replacements 
for, 
Intersil's 
IH6116 and IH6216, Siliconix's 
DG506A and 
DG507A, and Harris' HI506 and H1507. 
__________ 
Applications 


Control 
Systems 


Data Logging 
Systems 


Aircraft 
Heads Up Displays 


Data Acquisition 
Systems 


Signal Routing 


! 


D. 


ANALOG 
Saa 
ANALOG 
N1AXINI 
OUTPUT 
INPUT 
DG507A 
(INPUTS) 
(OUTPUTS) 
Slb 
+15V 
Db 


CLOCK 
V' 
Qs 


IN 
BHI 
Qc 


QD 
NC 
AHI 
NC 


ENABLE 
IN 
(MUX 
ON-Off 
CONTROL) 


8 Channel 
Sequential 
Differential 
MUXIDEMUX 


• 
Improved 
2nd Source! 


• 
Pin compatible 
with Harris, Silicon ix, Intersil 


• 
Operable 
with ±4.5V to ±18V Supplies 


• 
Symmetrical, 
Bi-Dlrectional 
Operation 


• 
Logic 
and 
Enable 
inputs, 
TTL 
and 
CMOS 
Compatible 


• 
Latch-Up 
Proof Construction 


• 
Monolithic, 
Low-Power 
CMOS 
Design 


PART 
TEMP. RANGE 
PACKAGE 


DG50GAAK 
-55°C 
to +125° C 
28 Lead CERDIP 


DG506ABK 
-20°C 
to +85° C 
28 Lead CERDIP 


DG506AC/D 
O°C to +70°C 
Dice 


DG506ACJ 
O°C to +70°C 
28 Lead Plastic 
DIP 


DG506ACK 
O°C to +70°C 
28 Lead CERDIP 


DG506ACWI 
O°C to +70°C 
28 Lead Wide SO 


DG507AAK 
-55°C 
to +125°C 
28 Lead CERDIP 


DG507ABK 
-20°C 
to +85° C 
28 Lead CERDIP 


DG507AC/D 
O°C to +70°C 
Dice 


DG507ACJ 
O°C to +70°C 
28 Lead Plastic 
DIP 


DG507ACK 
O°C to +70°C 
28 Lead CERDIP 


DG507ACWI 
O°C to +70°C 
28 Lead Wide SO 


28 
D 
V- 


S8 


S7 


56 


S5 


.••••••••.••• 
J X1/..... 
S4 


DG506A 
S3 


S2 
Sl 


D. 
V- 


Saa 
S7. 


Saa 
S•• 


.••••••••.••• 
J XI......... 
S4a 
DG507A 
21 
S3a 


S2a 
19 51. 


NlAXINl 
MaximIntegrated Producttl 
11-21 


N1AXINI 
is a registered 
trademark 
of Maxim 
Integrated 
Products. 


Monolithic CMOS Analog Multiplexers 


Voltage 
Referenced 
to V- 
V· 
, , , , , , . , , , , . . . . . . . . . . . . . .. 
44V 


GND 
" 
, 
" 
, 
25V 
Digital 
Inputs 
Vs, Vo (Note 
1) 
, .. , 
-2V 
to (V· + 2V) or 
20mA, 
whichever 
occurs 
first. 


Current, 
Any Terminal 
Except 
S or D 
"........... 
30m A 


Continuous 
Current, 
S or D 
" 
", 
, 
20m A 


Peak Current, 
S or D 


(Pulsed 
at 1msec, 
10% duty 
cycle 
max) 
.. """, 
40mA 


Storage 
Temperature 
(A & B Suffix) 
-65°C 
to 150°C 
(C SuffiX) 
, .. " 
-65°C 
to 125°C 


Operating 
Temperature 
(A Suffix) 
.. , .... 
, -55°C 
to 125°C 


(B Suffix) 
".,." 
.. 
-25°C 
to 85°C 


(C SuffiX) 
....•... 
, .. 
O°C to 70°C 


Power 
Dissipation 
(Package)" 
28 Pin Ceramic 
DIP" 
,.", 
.. , .. , 
1200mW 


28 Pin Plastic 
DIP'" 
,."", 
.. ,."", 
, 
625mW 


'AII 
leads soldered 
or welded 
to PC board. 


"Derate 
16mW/oC 
above 75°C 
'''Derate 
8.3mW/oC 
above 
75°C 


Stresses listed under ''Absolute Maximum Ratings" may be applied (one at e time) to devices without resulting in permanent damage. These are 
stress ratings only, and functional operation of the device at these or any other conditions above those indicated in the operationaf sections of the 
specifications is not implied. Exposure to absolute maximum ratings conditions for extended periods may affect device reliability. 


DG506AA 
DG506AB/C 


PARAMETER 
SYMBOL 
TEST 
CONDITIONS 
DG507AA 
DG507AB/C 
UNITS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


(Note 
2)(Note 
3) 
(Note 
2)(Note 
3) 


SWITCH 


Analog 
Signal 
Range 
VANALOG 
-15 
15 
-15 
15 
V 


Sequence 
Each 
Vo = 10V, 
270 
400 
270 
450 
Drain-Source 
Switch 
On 
Is = -200/lA 
rOS(on) 
VAL = 0.8V, 
0 


ON Resistance 
VAH = 2.4V, 
Vo = -10V, 
230 
400 
230 
450 
VEN = 2.4V 
Is = -200/lA 


Greatest 
Change 
in 
( 
rOS(onIMAX-rOS(On)MIN 
) 
Drain-Source 
ON 
ll.rOS(On) 
ll.rOS(On)= 
6 
6 
% 
Resistance 
Between 
rOS(On)AVE 


Channels 
-10V < Vs < 10V 


Source 
OFF 
Vs = 1OV,Vo = -10V 
-1 
0.002 
1 
-5 
0.002 
5 


Leakage 
Current 
IS(off) 


Vs = -10V, Vo = 10V 
-1 
-0.005 
1 
-5 
-0.005 
5 


VEN = 0.8V 
Vo = 10V, Vs = -1OV 
-10 
0.02 
10 
-20 
0.02 
20 
DG506A 
Drain 
OFF 
VAL = 0.8V 
Vo = -10V, Vs = 10V 
-10 
-0.03 
10 
-20 
-0.03 
20 
Leakage 
JO(off) 
Current 
Vo = 10V, Vs = -1OV 
-5 
0.007 
5 
-10 
0.007 
10 
DG507A 
Vo = -10V, Vs = 10V 
-5 
-0.D15 
5 
-10 
-0.D15 
10 
nA 


Sequence 
Each 
VS(all)= Vo = 10V 
-10 
0.03 
10 
-20 
0.03 
20 
DG506A 
Channel 
ON 
Switch 
On 
VS(all)= Vo = -10V 
-10 
-0.06 
10 
-20 
-0.06 
20 
Leakage 
10(on)4 
VAL = 0.8V, 
Current 
VAH = 2.4V, 
VS(all)= Vo = 10V 
-5 
0.015 
5 
-10 
0.D15 
10 
DG507A 
VEN = 2.4V 
VS(alil= Vo = -10V 
-5 
-0.03 
5 
-10 
-0.03 
10 


INPUT 


Address 
Input 
Current, 
IAH 
VA = 2.4V 
-10 
-0.002 
-10 
-0.002 


Input 
Voltage 
High 
VA = 15V 
0.006 
10 
0.006 
10 


Address 
Input 
Current, 
VEN = 2.4V 
-10 
-0.002 
-10 
-0.002 
/lA 


IAL 
All VA = 0 
Input 
Voltage 
Low 
VEN = 0 
-10 
-0.002 
-10 
-0.002 
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ELECTRICAL 
CHARACTERISTICS 
(Continued) 


(v+ = 15V. v- 
= -15V. GND = OV. TA = 25°C. 
unless 
otherwise 
indicated.) 


DG506AA 
DG506AB/C 


PARAMETER 
SYMBOL 
TEST 
CONDITIONS 
DG507AA 
DG507AB/C 
UNITS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
(Note 
2)(Note 
3) 
(Note 
2)(Note 
3) 


DYNAMIC 


Switching 
Time 
tlransilion 
See Figure 
1 
0.6 
1 
0.6 
01 Multiplexer 


Break-Belora-Make 
topen 
See Figure 
3 
0.2 
0.2 
f.JS 
Interval 


Enable 
Turn-ON 
Time 
ton(EN) 
1 
1 


Enable 
Turn-OFF 
Time 
toff(EN) 


See Figure 
2 
0.4 
0.4 


OFF Isolation2 
OIRR 
VEN = O. RL = 1kQ. CL = 15pF 
68 
68 
dB 
Vs = 7Vrms. 1 = 500kHz 


Source 
OFF 
CS(off) 
Vs = 0 
6 
6 
Capacitance 
VEN = O. 


Drain 
OFF 
I DG506A 
1 = 140kHz 
45 
45 
pF 


Capacitance 
I DG507A 
CO(off) 
Vo = 0 
23 
23 


SUPPLY 


Positive 
Supply 
Current 
1+ 
I 
.13 
.25 
I 
.13 
.3 
I 


I 
VEN = OV or 5V. All VA = 0 
mA 


Negative 
Supply 
Current 
1- 
-.15 
-.07 
-.25 
-.07 


Note 
1: 
Signals 
on Sx. Dx. or 
INx exceeding 
V+ or V- will 
be clamped 
by internal 
diodes. 
Limit 
lorward 
diode 
current 
to 


maximum 
current 
ratings. 


Note 
2: 
The algebraic 
convention 
whereby 
the most 
negative 
value 
is a minimum. 
and the most positive 
value 
is a maximum. 


is used 
in this 
data sheet. 


Note 
3: 
Typical 
values 
are for 
DESIGN 
AID 
ONLY. not guaranteed 
nor subject 
to production 
testing. 


Note 
4: 
10(on)is leakage 
from 
driver 
into 
"ON" 
switch. 


Note 
5: 
OFF isolation 
= 20 log~, 
Vs = input 
to "OFF" 
switch. 
Vo = output 
due to Vs. 
Vs 


ELECTRICAL 
CHARACTERISTICS 
(Over Temperature) 
(v+ = 15V, v- = -15V, GND = OV, TA = Over Temperature 
Range, 
unless 
otherwise 
indicated.) 


DG506AA 
DG506AB/C 


PARAMETER 
SYMBOL 
TEST 
CONDITIONS 
DG507AA 
DG507AB/C 
UNITS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
(Note 2)(Note 
3) 
(Note 2) (Note 3) 


SWITCH 


Analog 
Signal 
Range 
VANALOG 
-15 
15 
-15 
15 
V 


Sequence 
Each 
Vo = 10V, 
500 
550 
Drain-Source 
Switch 
On 
Is = -200fJA 
rOS(on) 
VAL = O.BV, 
0 
ON Resistance 
VAH = 2.4V, 
Vo = -10V, 
500 
550 
VEN = 2.4V 
Is = -200fJA 


Source 
OFF 
Vs = 1OV,Vo = -10V 
-50 
50 
-50 
50 


Leakage 
Current 
IS(oll) 


Vs = -10V, Vo = 10V 
-50 
50 
-50 
50 


VEN = O.BV 
Vo = 10V, Vs = -10V 
-300 
300 
-300 
300 
Drain 
OFF 
DG506A 
VAL = O.BV 
Leakage 
10(011) 
Vo = -10V, Vs = 10V 
-300 
300 
-300 
300 


Current 
Vo = 10V, Vs = -10V 
-200 
200 
-200 
200 
DG507A 
Vo = -10V, Vs = 10V 
-200 
200 
-200 
200 
nA 


Sequence 
Each 
VS(all)= Vo = 10V 
-300 
300 
-300 
300 
Channel 
ON 
DG506A 
Switch 
On 
VS(all)= Vo = -10V 
-300 
300 
-300 
300 
Leakage 
10(on)4 
VAL = O.BV, 


Current 
VAH = 2.4V, 
VS(all)= Vo = 10V 
-200 
200 
-200 
200 
DG507A 
VEN = 2.4V 
VS(ALL)= Vo = -10V 
-200 
200 
-200 
200 


INPUT 


Address 
Input 
Current, 
IAH 
VA = 2.4V 
-30 
-30 


Input 
Voltage 
High 
VA = 15V 
30 
30 


VEN = 2.4V 
-30 
fJA 
Address 
Input 
Current, 
All VA = 0 


-30 


Input 
Voltage 
Low 
IAL 
VEN = 0 
30 
30 


Note 
1: 
Signals 
on Sx, Dx, or 
INx exceeding 
V+ or V- 
will 
be clamped 
by internal 
diodes. 
Limit 
forward 
diode 
current 
to 
maximum 
current 
ratings. 
Note 2: 
The algebraic 
convention 
whereby 
the most negative 
value 
is a minimum, 
and the most 
positive 
value 
is a maximum, 


is used 
in this 
data sheet. 


Note 3: 
Typical 
values 
are for 
DESIGN 
AID 
ONLY, not guaranteed 
nor subject 
to production 
testing. 


Note 4: 
10(on) is leakage 
from 
driver 
into 
"ON" 
switch. 


Note 5: 
OFF 
isolation 
= 20 log~, 
Vs = input 
to "OFF" 
switch, 
Vo = output 
due to Vs. 


Vs 


Ao 
A2 
A, 
Ao 
EN 
ON 
SWITCH 


X 
X 
X 
X 
0 
NONE 
0 
0 
0 
0 
1 
1 
0 
0 
0 
1 
1 
2 
0 
0 
1 
0 
1 
3 
0 
0 
1 
1 
1 
4 
0 
1 
0 
0 
1 
5 
0 
1 
0 
1 
1 
6 
0 
1 
1 
0 
1 
7 
0 
1 
1 
1 
1 
8 
1 
0 
0 
0 
1 
9 
1 
0 
0 
1 
1 
10 
1 
0 
1 
0 
1 
11 
1 
0 
1 
1 
1 
12 
1 
1 
0 
0 
1 
13 
1 
1 
0 
1 
1 
14 
1 
1 
1 
0 
1 
15 
1 
1 
1 
1 
1 
16 


A. 
A, 
Ao 
EN 
ON 
SWITCH 


X 
X 
X 
0 
NONE 
0 
0 
0 
1 
1 
0 
0 
1 
1 
2 
0 
1 
0 
1 
3 
0 
1 
1 
1 
4 
1 
0 
0 
1 
5 
1 
0 
1 
1 
6 
1 
1 
0 
1 
7 
1 
1 
1 
1 
8 


SWITCH 
OUTPUT 
Vo 


SWITCH 
OUTPUT 
Vo 


-= 1 


35PF 
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EN NI.IJXINI 


ALL 
SAND 
D. 
DG506A 
DG507A 


Ao A1 A2 A3 
Db. D 
GND 
y- 


SWITCH 
OUTPUT 
Vo 


1kn ":"I35pF 


LOGIC 
INPUT 
I, < 20no 
If < 20nl 


VS1 
0.8 VS1 


SWITCH 
OUTPUT 
Vo 
0 
(SEE 
Figure 
1) 
TRANSITION 
TIME 


Ion (En) 
SWITCH 
OUTPUT 
0 


(SEE 
~I~ure 2) 0.1 Vo 


ENABL~I~OENyl(OFF) 


0.9 Vo 
Vo 
Vs 


SWITCH 
Vs 
OUTPUT 
50'10 
Vo 
(SEE Figure 
3) 
OV 
I 
OPEN 
TIME 
-J I- 
BREAK-BEFORE-MAKE 
to 
EN 
INTERVAL 
P 


DG506A 


S16 
N.C. V' D y- 


_______________________ 
Chip Topography 


DG507A 


S8 S7 
S8b 
DbV'D. 
y- 
S80 S7. 


~ 


S6 
Ssb 
Sa. 


S5 
S5b 
S50 


S4 
S4b 
S4. 
0.159" 


S3 
(4.04mm) 
S3b 
S3a 


S2 
S20 


I 


GND 
N.C. 
A2 
A1 
Ao~N 
.. 
~ 
(3.07mm) 


~I'I~JXI~I'I 
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_______ 
Genera' Description 


Maxim's DG508A and DG509A are monolithic 
CMOS 
analog 
multiplexers. 
The 
DG508A 
is a 
single 
8 
channel 
(1 of 8) multiplexer 
and the DG509A 
is a 
differential 
4 channel (2 of 8) multiplexer. 


Both 
devices 
guarantee 
break-before-make 
switch- 
ing. 
Maxim 
guarantees 
that 
these 
multiplexers 
will 
not latch-up 
if the power supplies are turned-off 
with 
the input signals still present. Maxim also guarantees 
continuous 
operation 
when 
these 
devices 
are 
powered by supplies ranging from ±4.5V to ±18V. 


Compared 
to the 
original 
manufacturer's 
devices, 


Maxim's 
DG508A 
and 
DG509A 
have 
lower 
on- 
resistance, 
faster enable switching 
times and signifi- 
cantly 
lower leakage currents. 
Maxim's devices also 
consume 
significantly 
lower 
power, 
making 
them 
ideal for portable equipment. 


Maxim's 
DG508A 
and DG509A 
meet or exceed the 
specifications 
of, and are drop-in 
replacements 
for, 


IntersillH6108 
and IH6208 respectively. 


Control 
Systems 


Data Logging 
Systems 


Aircraft 
Heads Up Displays 


Data Acquisition 
Systems 


Signal Routing 


ANALOG 
( 
INPUT 
IOUTPUTS) 


+15V 


ANALOG 
OUTPUT 
PNPUTSJ 


V+ 
Q, 


Qc 


OMT493 
QD 


A" 


ENABLE 
IN 


JMUX ON-lIff 
CONTROLI 


8 Channel Sequential 
Mux/Demux 


___________ 
Featurea 


• 
Improved 
2nd Sourcel 
(See pages 3 and 5 for 
"Maxim 
Advantage 
T 
.") 


• 
Operable 
with ±4.5V to ±18V Supplies 


• 
Symmetrical, 
BI-Dlrectlonal 
Operation 


• 
Logic and Enable Inputs, 
TTL and CMOS 
Compatible 


• 
Latch-Up 
Proof Construction 


• 
Monolithic, 
Low-Power 
CMOS 
Design 
______ 
Ordering Information 


PART 
TEMP. RANGE 
PACKAGE 


DGS08AAK 
-SS·C to +12S·C 
16 Lead CERDIP 


DGS08ABK 
-20·C to +8S·C 
16 Lead CERDIP 


DGS08AC/D 
O·C to +70·C 
Dice 


DGS08ACJ 
O·C to +70·C 
16 Lead Plastic DIP 


DGS08ACWE 
O·C to +70·C 
16 Lead Wide SO 


DGS09AAK 
-SS·C to +12S·C 
16 Lead CERDIP 


DGS09ABK 
-20·C to +8S·C 
16 Lead CERDIP 


DGS09AC/D 
O·C to +70·C 
Dice 


DGS09ACJ 
O·C to +70·C 
16 Lead Plastic 0 IP 


DGS09ACWE 
O·C to +70·C 
16 Lead Wide SO 


1 
A1 
A2 
14 
GNO 
y+ 
85 
86 
87 
88 


AD 
EN 
y- 
81 
82 
83 
84 
o 
B 


Al 
GNO 
14 y+ 


818 
828 
838 
848 
08 


The "Maxim Advantage?·" 
signifies 
an upgraded 
quality 
level. At no additional 
cost we offer a sBcond·source 
device that is subject 
to the following: 
guaranteed 


performance 
over temperature 
along with tighter 
test specifications 
on many key parameters; 
and device enhancements, 
when needed. 
that result in improved 


performance 
without 
changing 
the functionality. 


Monolithic CMOS Analog Multiplexers 


Voltage Referenced to V- 
V+ 
+44V 


GND 
+25V 
Digital Inputs (Note 1), Vs, Vo 
-2V to (V+ +2V) or 


20mA, whichever occurs first 


Current 
(Any Terminal, Except S or D) 
30mA 


Continuous 
Current, S or D 
20mA 
Peak Current, S or D 


(Pulsed at 1msec, 10% Duty Cycle Max) 
40mA 


Storage Temperature 
-65°C to +150°C 


Power Dissipation 
(Package) (Note 2) 
16 Pin Ceramic DIP (Note 3) 
................•. 
, 
900mW 
16 Pin Plastic DIP (Note 4) 
470mW 
16 Pin Small Outline (SO) (Note 5) 
750mW 
Note 1: 
Signals on Sx, Dx, or INx, exceeding 
V+ or V- will be 
clamped 
by internal 
diodes. 
Limit forward 
diode cur- 
rent to maximum current ratings. 
All leads soldered or welded to PC board. 
Derate 12mW/oC above +75°C. 
Derate 6.3mW/oC 
above +75°C. 


Derate 10mW/oC 
above +75°C. 


Note 2: 
Note 3: 
Note 4: 
NoteS: 


Stresses listed under "Absolute 
Maximum 
Ratings" may be applied (one at a time) to devices without resulting 
in permanent 
damage. These are stress 
ratings only, and funcional operation of the device at these or any other conditions 
above those indicated in the operational 
sections of the specifications 


is not implied. Exposure to absolute maximum ratings conditions 
for extended periods may affect device reliability. 


ELECTRICAL CHARACTERISTICS 
(v+ = +15V, v- = -15V, GND = OV,TA = +25°C unless otherwise indicated) 


LIMITS 


DG508AA 
DG508A BIC 
PARAMETER 
SYMBOL 
TEST CONDITIONS 
DG509AA 
DG509A BIC 
UNIT 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


(Note6) (Note 7) 
(Note 6) (Note 7) 


Analog Signal Range 
VANALOG 
-15 
15 
-15 
15 
V 


Vo = 10V, 
Seq. Ea. 
270 
400 
270 
450 
Drain-Source 
rOS(onl 
Is = -2001'A 
Switch On 


ON Resistance 
VAL= 0.8V, 
11 
Vo = -10V, 
VAH= 2.4V 
230 
400 
230 
450 
Is = -200I'A 


Greatest 
Change In 
Drain Source ON 


drOS(on) 
raS(on) 
Max 
- rOS(on) 
Min 
6 
6 
0/0 
Resistance 
Between 
c.rOSlonl = ( 
A 
) 


Channels 
rOS(on) 
ve 


-10V:S Vs:S +10V 
J: 
Vs = 10V,Vo = -10V 
0.002 
0.002 
5 
0 
Source OFF Leakage 
1 
... 


Current 
IS(OIlI 
i 
Vs = -10V, Vo =10V 
-1 
-0.005 
-5 
-0.005 
III 
Vo = 10V,Vs = -10V 
0.01 
10 
0.01 
20 
DG508A 
Drain OFF 
Vo =-10V, Vs= 10V 
VEN= OV 
-10 
-0.015 
-20 
-0.015 
Leakage 
Current 
DG509A 
10coIII 
Vo = 10V,Vs = -10V 
0.005 
10 
0.005 
20 
nA 
Vo = -10V, Vs = 10V 
-10 
-0.008 
-20 
-0.008 


DG508A 
VSC8")= Vo = 10V 
Seq. Ea. 
0.015 
10 
0.015 
20 
Drain ON 
Leakage 
IO(on) 
VSC8")= Vo = -10V 
Switch On 
-10 
-0.03 
-20 
-0.03 


Current 
(Note 6) 
VSC8,,)= Vo = 10V 
VAL=O.8V 
0.007 
10 
0.007 
20 
DG509A 
VAH=2.4V 
VSC8,,)= Vo = -10V 
-10 
-0.015 
-20 
-0.015 


Address 
Input Current, 
IAH 
VA = 2.4V 
-10 
-0.002 
-10 
-0.002 
... 
Input Voltage High 
:J 
VA = 15V 
0.006 
10 
0.006 
10 
I'A 
Go 
!: 
Address 
Input Current 
IAL 
VEN=2.4V 
I All 
-10 
-0.002 
-10 
-0.002 
Input Voltage Low 
VEN= OV 
I VA = OV 
-10 
-0.002 
-10 
-0.002 


The algebraic convention whereby the most negative value is a minimum, and the most positive is a maximum, is used in 
this data sheet. 
Typical values are for DESIGN AID ONLY, not guaranteed 
nor subject to production 
testing. 


1010N)is leakage from driver into "ON" switch. 


Note 7: 


NoteS: 


The electrical characteristics 
above are a reproduction 
of a portion of Siliconix's copyrighted 
1985 data book. This information 
does not constitute any 
representation 
by Maxim that Siliconix's 
products 
will perform 
in accordance 
with these specifications. 
The "Electrical 
Characteristics 
Table" along with 


descriptive excerpts from the original manufacturer's 
data sheet have been included 
in this datasheet solely for comparative purposes. 


Functional 
Diagrams 


v' 
v- 
GND 
v' 
v- 
GND 


8, 
8" 


8, 
8,. 
D, 
8, 
8" 
8, 
8•• 
85 
8IB 
8, 
8,. 


8, 
8,. 
DB 


8B 
8" 
rill 


A, 
A, 
AD 
EN 
AI 
AD 
EN 
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• 
Significantly 
Reduced Leakage Currents 


• 
Significantly 
Reduced Supply Currents 


• 
Lower ON Resistance 


• 
Faster Enable Switching 
Times 


ELECTRICAL CHARACTERISTICS: 
Specifications 
below satisfy or exceed all "tested" parameters on adjacent page. 


(V+ = +15V, V- = -15V, GND = OV,TA = +25'C unless otherwise 
indicated) 


LIMITS 


DG508AA 
DG508AB/C 
PARAMETER 
SYMBOL 
TEST CONDITIONS 
DG509AA 
DG509AB/C 
UNIT 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


(Note 6) (Note 7) 
(Note 6) (Note 7) 


Analog Signal Range 
VANALOG 
-15 
15 
-15 
15 
V 


VD = 10V, 
Seq. Ea. 
170 
300 
170 
350 
Drain-Source 
rOS(on) 
Is = -2OOIlA 
SwllchOn 
ON Resistance 
VAL= 0.8V, 
Il 
VD = -10V, 


VAH= 2.4V 
130 
300 
130 
350 
Is = -2OOIlA 


Greatest Change In 
Drain Source ON 


~rDS(on) 


_ 
rOS(on) 
Max 
- fOS/on) 
Min 
6 
6 
% 
Resistance 
Between 
..I'DS(oo)- ( 
A 
) 


Channels 


fOS(on) 
ve 


:I: 
-10V'; 
Vs'; 
+10V 


() 
Source OFF Leakage 
Vs = 10V, VD = -10V 
0.002 
0.5 
0.002 
1 
I- 
IS(olf) 
~ 
Current 
Vs = -10V, VD = 10V 
-0.5 
-0.005 
-1 
-0.005 


'" 
DG508A 
VD = 10V, Vs = -10V 
0.01 
2 
0.01 
5 
Drain OFF 
VD = -10V, Vs = 10V 
VEN= OV 
-2 
-0.015 
-5 
-0.015 
Leakage 
Current 
DG509A 
ID(olf) 
VD = 10V,Vs = -10V 
0.005 
2 
0.005 
5 
nA 


VD = -10V, Vs = 10V 
-2 
-0.008 
-5 
-0.008 


DG508A 
VS(81l)= VD= 10V 
Seq. Ea. 
0.015 
2 
0.015 
5 
Drain ON 
Leakage 
ID(on) 
VS(81l)= VD= -10V 
SwllchOn 
2 
-0.03 
-5 
-0.03 
VAL=O.8V 
Current 
DG509A 
(Note 8) 
VS(.Il) = VD = 10V 
VAH= 2.4V 
0.007 
2 
0.007 
5 


VS('Il) = VD= -10V 
-2 
-0.015 
-5 
-0.015 


Address Input Current, 
IAH 
VA= 2.4V 
-10 
-0.002 
-10 
-0.002 


I- 
Input Voltage High 
:l 
VA+ 15V 
0006 
10 
0.006 
10 


0.. 
p.A 


~ 
Add,ess 
Input Current 
IAL 
VEN= 2.4V 
All 
-10 
-0.002 
-10 
-0.002 
Input Voltage Low 
VEN = OV 
VA= OV 
-10 
-0.002 
-10 
-0.002 
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ELECTRICAL CHARACTERISTICS 
(continued) 


(v+ = +15V, v- = -15V, GND = OV,TA = +25°C unless otherwise indicated) 


LIMITS 


DG508AA 
DG508AB/C 
PARAMETER 
SYMBOL 
TEST CONDITIONS 
DG509AA 
DG509AB/C 
UNIT 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
(Note 6) (Note 7) 
(Note 6) (Note 7) 


Switching 
Time 01 
ttransition 
See Figure 1 
0.6 
1 
0.6 
Multiplexer 


Break-Belore-Make 
topen 
See Figure 3 
I 
0.2 
0.2 
Interval 
I-'S 


U 
Enable Turn-ON Time 
tOn(EN) 
See Figure 2 
_t; 
1 
1.5 
1 
i 
4( 
Enable Time-OFF 
Time 
tOff(EN) 
0.4 
1 
0.4 
Z 
VEN= OV, RL = 1kll, CL = 15pF 
>- 
OFF Isolation 
(Note 8) 
OIRR 
68 
68 
dB 
C 
Vs = 7VRMS, 1= 500kHz 


Source OFF 
, 


Capacitance 
CS(ell) 
Vs = OV 
,,-. 
5 
5 
VEN=OV, 


Drain OFF 
I DG508A 
1= 140kHz 
25 
25 
pF 


Capacitance 
I DG509A 
COlell) 
VD = OV 
12 
12 


Pos. Supply Current 
1+ 
VEN= 2.4V 
1.3 
2.4 
1.3 
2.4 
>- 
...I 
Neg. Supply Current 
,- 
Ail 
-1.5 
-0.7 
-1.5 
-0.7 
A- 
A- 


Pos. Supply Current 
I+Stdby 
VA = OV, 
1.3 
2.4 
1.3 
2.4 
mA 
::l 
VEN= OV 
or 2.4V 
Ul 
Neg. Supply Current 
I-Stdby 
-1.5 
-0.7 
-1.5 
-0.7 


Note 6: 
The algebraic 
convention 
whereby 
the most negative 
value is a minimum, 
and the most positive 
is a maximum, 
is used in 


this data sheet. 


Note 7: 
Typical values are for DESIGN AID ONLY, not guaranteed 
nor subject to production 
testing. 


Note 8: 
OFF isolation 
= 20 log :~~II' 
Vs = input to "OFF" switch, VD = output due to Vs. 


The electrical 
characteristics 
above are a reproduction 
of a portion 
of Sificonix's 
copyrighted 
1985 data book. This information 
does not constitute 
any 


representation 
by Maxim that Siliconix's 
products 
will perform 
in accordance 
with these specifications. 
The "Electrical 
Characteristics 
Table" along with 
descriptive 
excerpts from the original manufacturer's 
data sheet have been included in this data sheet solely (or comparative purposes. 


SWITCH 
SWITCH 


OUTPUT 
OUTPUT 


Vo 
VOl 


-= 
-= 
-= 
-15V 
-= 


J35IIF 
-= 
-= 
-= 
-= 


J35IIF 
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Monolithic CMOS Analog Multiplexers 


ELECTRICAL CHARACTERISTICS 
(continued) 


(v+ = +15V, v- = -15V, GND = OV,TA = +25°C unless otherwise 
indicated) 


LIMITS 


DG508AA 
DG508AB/C 


PARAMETER 
SYMBOL 
TEST CONDITIONS 
DG509AA 
DG509AB/C 
UNIT 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


(Note 6) (Note 7) 
(Note 6) (Note 7) 


Switching 
Time Of 
ttr8naUIon 
See Figure 1 
0.6 
1 
0.6 
1 
Multiplexer 


Break-Belore-Make 
topen 
See Figure 3 
0,2 
0,2 
I's 
Interval 


Enable llJrn-ON 
Time 
tonlEN) 
See Figure 2 
0.4 
1 
0.4 
1.5 
0i 
Enable Time-OFF 
Time 
tolf(EN) 
0.2 
0.7 
0.2 
1 
« 
VEN = OV, RL = 1kO, CL = 15pF 
z 
OFF Isolation 
(Note 9) 
OIRR 
68 
68 
dB 
> 
Vs = 7VRMS, I = 500kHz 
0 


Source OFF 
CS(OIf) 
Vs = OV 
5 
5 
Capacitance 
I DG508A 


VEN = OV, 
pF 
Drain OFF 
I = 140kHz 
25 
25 


Capacitance 
I DG509A 
CO(OIf) 
Vo = OV 


12 
12 


Pos. Supply Current 
1+ 
VEN= 2.4V 
0.02 
0.2 
0.02 
0.2 


Neg. Supply Current 
1- 
All 
-0.1 
-0.01 
-0.1 
-0.01 


> 
Pos. Supply Current 
I+Stdby 
VA = OV. 
0.02 
0.2 
0.02 
0.2 
mA 
...• 
VEN= OV 
or 2.4V 
lL 
lL 
Neg. Supply Current 
I-Stdby 
-0.1 
-0.01 
-0.1 
-0.01 
::l 
<II 
Power Supply 
Range 


For Continuous 
VOP 
±4.5 
±18 
±4.5 
±18 
V 


Operation 
(Note 10) 


-15V 


EN 
EN 


S, •• 
.MAXI.M 
DG508A 
':' 


LOllIC 
SWITCH 
LOllIC 


INPUT 
OUTPUT 
INPUT 
Va 


lkn 
~ 
35t>F 


':' 
- - 
':' 
':' 
':' 


':' 
SWITCH 
OUTPUT 


V" 


':' 


~ 
35t>F 


£III 


Monolithic CMOS Analog Multiplexers 


ELECTRICAL CHARACTERISTICS 
(continued) 


(V+ = +15V, v- = -15V, Ground = OV,TA = Over Temperature 
Range unless otherwise 
noted) 


LIMITS 


DG508AA 
DG508AB/C 
PARAMETER 
SYMBOL 
TEST CONDITIONS 
DG509AA 
DG509AB/C 
UNIT 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


(Note 6) (Note 7) 
(Note 6) (Note 7) 


Analog Signal Range 
VANALOG 
-15 
15 
-15 
15 
V 


VD = 10V, 
Seq. Ea. 
~( 
500 
550 
Drain-Source 
rOS(onj 
Is = -2001'A 
Switch On 
ON Resistance 
VAL= 0.8V, 


~~, 


n 
VD = -10V, 
VAH= 2.4V 
500 
500 
Is = -2OOIlA 


Source OFF Leakage 
Vs = 10V, VD = -10V 
oJ 
50 
50 


Current 
ISloff) 
Vs = -10V, VD = 10V 
-50 
-50 


J: 
VD = 10V,Vs = -10V 
.. 
200 
200 
0 
Drain OFF 
DG508A 
VEN= OV 
~ 
VD = -10V, Vs = 10V 
-200 
-200 
i 
Leakage 
IDIOffl 
Ul 
Current 
DG509A 
VD = 10V,Vs = -10V 
100 
100 
nA 


VD = -10V, Vs = 10V 
-100 
-100 


DG508A 
VSjalJ)= Vo = 10V 
Seq. Ea. 
200 
200 
Drain ON 
VS1a!1}= VD = -10V 
Switch On 
-200 
-200 
Leakage 
ID1on) 
VAL=O.8V 
Current 
DG509A 
(Note 8) 
VS1alJ)= VD = 10V 
VAH=2.4V 
100 
100 


VSlallJ= VD = -10V 
-100 
-100 


Address 
Input Current, 
IAH 
VA = 2.4V 
-30 
-30 
~ 
Input Voltage High 
VA = 15V 
30 
30 
I'A 
:l 
lL 
Address 
Input Current 
VEN= 2.4V 
All 
-30 
-30 
~ 
IAL 
Input Voltage Low 
VEN= OV 
VA = OV 
-30 
-30 


Note 6: 
The algebraic 
convention 
whereby 
the most negative 
value is a minimum, 
and the most positive 
is a maximum, 
is used in 


this data sheet 
Note 7: 
Typical values are for DESIGN AID ONLY, not guaranteed 
nor subject to production 
testing. 
Note 8: 
ID1on)is leakage from driver into "ON" switch. 


The electrical 
characteristics 
above are a reproduction 
of a portion of Siliconix's 
copyrighted 
1985 data book. This information 
does not constitute 
any 
representation 
by Maxim that Silicon;x's products 
will perform in accordance 
with these specifications. 
The "Electrical 
Characteristics 
Table" along with 
descriptive excerpts from the original manufacturer's 
data sheet have been included in this datasheet solely for comparative 
purposes. 


A2 
A, 
Ao 
EN 
ON 
SWITCH 


X 
X 
X 
0 
NONE 


0 
0 
0 
1 
1 


0 
0 
1 
1 
2 


0 
1 
0 
1 
3 


0 
1 
1 
1 
4 


1 
0 
0 
1 
5 


1 
0 
1 
1 
6 


1 
1 
0 
1 
7 


1 
1 
1 
1 
8 


A, 
Ao 
EN 
ON 
SWITCH 


X 
X 
0 
NONE 


0 
0 
1 


0 
2 


o 


1 


NOTE: Logic "0" = VAL:50.8V, Logic "1" = VAH2: 2.4V 
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Monolithic CMOS Analog Multiplexers 


ELECTRICAL CHARACTERISTICS 
(continued) 


(v+ = +15V, v- = -15V, Ground = OV,TA= Over Temperature 
Range unless otherwise 
noted) 


LIMITS 


DG50BAA 
DG50BAB/C 


PARAMETER 
SYMBOL 
TEST CONDITIONS 
DG509AA 
DG509AB/C 
UNIT 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


(Note 6) (Note 7) 
(Note 6) (Note 7) 


Analog Signal Range 
VANALOG 
-15 
15 
-15 
15 
V 


Vo = 10V, 
Seq. Ea. 
400 
450 
Drain-Source 
rOS(on) 
Is = -2OOIlA 
Switch On 
ON Resistance 
Vo = -10V, 
VAL= 0.8V, 
Il 


Is = -2001'A 
VAH= 2.4V 
400 
450 


Source OFF Leakage 
Vs = 10V, Vo = -10V 
50 
50 
Current 
Is(o«) 
Vs = -10V, Vo = 10V 
-50 
-50 
J: 
() 
Vo = 10V, Vs = -10V 
200 
100 
~ 
DG50BA 
i 
Drain OFF 
Vo = -10V, Vs = 10V 
YeN= OV 
-200 
-100 
Ul 
Leakage 
Current 
DG509A 
10(Oft) 
Vo = 10V, Vs = -10V 
100 
100 
nA 


Vo = -10V, Vs = 10V 
-100 
-100 


DG508A 
VS(.") 
= Vo = 10V 
Seq. Ea. 
200 
100 
Drain ON 
VS(.") 
= Vo = -10V 
Switch On 
-200 
-100 
Leakage 
lo(on) 
Current 
(NoteS) 
VS(.") = Vo = 10V 
VAL= O.BV 
100 
100 
DG509A 
VAH= 2.4V 
VS(.1Il = Vo = -10V 
-100 
-100 


Address Input Current, 
IAH 
VA= 2.4V 
-30 
-30 
~ 
Input Voltage High 
VA= 15V 
30 
30 
IlA 
~ 
II. 
Address Input Current 
VEN= 2.4V 
All 
-30 
-30 
~ 
IAL 
Input Voltage Low 
VEN= OV 
VA= OV 
-30 
-30 


+2.4V 
-15V 


ALlS 
ID, 
+5V 


.NIAXI.NI 
DG508A 
DG509A 
SWITCH 
Ao A,.IAII 
OUTPUT 
6No 
Vo 


IkO 
r38pF 


":" 
":" 
":" 
":" 


SWITCH OUTPUT 
Vo 
ISEE F16. II 
TRANSITION 
milE 


SWITCH 
OUTPUT 
Vo 
(SEE FIB. 21 
ENABLE 11Dll11l~F~ 
TIME 


SWITCH 
OUTPUT 
Vo 
ISEEFIB.31 
OPEN TIME 
IB.B.M.INTElN!ll 
EIII 


Monolithic CMOS Analog Multiplexers 


y' GND 
Y- 


S"S,. 
S" 
D, 


S"N1AXINI 
DG509A 
S" 
S" 
D, 


S38 
S•• 


AO 
A, 
EN 


DIFFERENTIAL 
[ 
ANAlDG 
INPUTS 
IDUTPUTS) 


J 
Q 


112MM74C73 


ClDCK 


Analog Switches 


MAX331 
MAX332 
MAX333 
MAX334 
MAX341 
MAX343 
MAX345 
MAX348 
DG200/A 
DG201A 
DG202 
DG211 
DG212 
DG300/A 
DG301/A 
DG302/A 
DG303/A 
DG304/A 
DG305/A 
DG306/A 
DG307/A 
DG381/A 
DG384/A 
DG387/A 
DG390/A 
IH5040 
IH5041 
IH5042 
IH5043 
IH5044 
IH5045 
IH5048 
IH5049 
IH5050 
IH5051 
IH5140 
IH5141 
IH5142 
IH5143 
IH5144 
IH5145 
IH5341 
IH5352 


Quad 
SPST Normally 
Closed 
CMOS 
Analog 
Switch 
12-1 


Quad SPST Normally 
Open 
CMOS 
Analog 
Switch 
12-9 


Quad SPDT 
CMOS 
Analog 
Switch 
12-17 
High Speed 
Break-Before-Make 
Quad SPST Analog 
Switch 
12-21 


Dual SPST High Voltage 
CMOS 
Analog 
Switch 
12-25 
Dual SPDT 
High Voltage 
CMOS 
Analog 
Switch 
12-25 
Dual DPST High Voltage 
CMOS 
Analog 
Switch 
12-25 
Low Ron Dual SPST High Voltage 
CMOS 
Analog 
Switch 
12-25 
Dual SPDT CMOS 
Analog 
Switch 
12-31 
Quad SPST Normally 
Closed 
CMOS 
Analog 
Switch 
12-1 
Quad SPST Normally 
Open 
CMOS 
Analog 
Switch 
12-9 
Quad 
SPST Normally 
Closed 
CMOS 
Analog 
Switch 
12-1 


Quad SPST Normally 
Open 
CMOS 
Analog 
Switch 
12-9 
TTL Compatible 
CMOS 
Analog 
Switch 
12-37 


TTL Compatible 
CMOS 
Analog 
Switch 
12-37 
TTL Compatible 
CMOS 
Analog 
Switch 
12-37 
TTL Compatible 
CMOS 
Analog 
Switch 
12-37 
CMOS 
Analog 
Switch 
12-43 
CMOS 
Analog 
Switch 
12-43 
CMOS 
Analog 
Switch 
12-43 
CMOS 
Analog 
Switch 
12-43 
General 
Purpose 
CMOS 
Analog 
Switch 
12-49 
General 
Purpose 
CMOS 
Analog 
Switch 
12-49 
General 
Purpose 
CMOS 
Analog 
Switch 
12-49 
General 
Purpose 
CMOS 
Analog 
Switch 
'. 12-49 
SPST Normally 
Open CMOS 
Analog 
Switch 
12-55 
Dual SPST Normally 
Open 
CMOS 
Analog 
Switch 
12-55 
SPDT CMOS 
Analog 
Switch 
12-55 
Dual SPDT 
CMOS 
Analog 
Switch 
12-55 
DPST Normally 
Open 
CMOS 
Analog 
Switch 
12-55 
Dual DPST Normally 
Open 
CMOS 
Analog 
Switch 
12-55 
Low Charge 
Injection 
Dual SPST Normally 
Open Analog 
Switch 
12-59 
Low Charge 
Injection 
Dual DPST Normally 
Open Analog 
Switch 
12-59 
Low Charge 
Injection 
SPDT Analog 
Switch 
12-59 
Low Charge 
Injection 
Dual SPDT Analog 
Switch 
12-59 
Low 
Power 
Fast SPST Normally 
Open 
CMOS 
Analog 
Switch 
12-63 
Low 
Power 
Fast Dual SPST Normally 
Open 
CMOS 
Analog 
Switch 
12-63 
Low 
Power 
Fast SPDT CMOS 
Analog 
Switch 
12-63 
Low 
Power 
Fast Dual SPDT 
CMOS 
Analog 
Switch 
12-63 
Low 
Power 
Fast DPST Normally 
Open CMOS 
Analog 
Switch 
12-63 
Low 
Power 
Fast Dual DPST Normally 
Open 
CMOS 
Analog 
Switch 
12-63 
Dual SPST Normally 
Open 
RFNideo 
Switch 
12-67 
Quad 
SPST Normally 
Open 
RFNideo 
Switch 
12-67 


Analog Switches 


Part 
Function 
ros(oN) 
IO(OFF) 
t(ON) 
t(ON) 
VIIJVIH 
Supply 
Current 
Features 
Page 


Number 
(Omax) 
(nAmax) 
(jlsmax) 
(nsmax) 
(V) 
(1+/1- mA max) 
No. 


MAX331 
4 SPSTNC 
175 
5 
600 
450 
0.812.4 
0.01/0.01 
Improved 
12-1 
MAX332 
4SPSTNO 
175 
5 
600 
450 
0.812.4 
0.0110.01 
DG201/DG202 
12-9 


MAX333 
4 DPDT 
175 
5 
1000 
500 
0.8/2.4 
±5Vto 
±18V. 
12-17 


MAX334 
4SPSTNC 
75 
50 
120 
75 
0.813.0 
+10Vto+30V 
12-21 


toN> 
toFF 


DG201A 
4 SPSTNC 
175 
5 
600 
450 
0.8/2.4 
0.1/0.1 
Low Power 
12-1 
DG202 
4SPSTNO 
175 
5 
600 
450 
0.8/2.4 
0.1/0.1 
Normally Open 
12-9 


DG211 
4SPSTNC 
175 
5 
1000 
500 
0.8/2.4 
0.1/0.1 
No VLOGICSupply 
12-1 


DG212 
4 SPST NO 
175 
5 
1000 
500 
0.812.4 
0.1/0.1 
NormallyOen 
12-9 


DG300/A 
2SPSTNO 
50 
5 
300 
250 
0.8/2.4 
0.5/0.1 
2.4VIH. Low RON 
12-37 


DG301/A 
SPDT 
50 
5 
300 
250 
0.8/2.4 
0.5/0.1 
2.4VIH. Low RON 
12-37 


DG302lA 
2 SPST NO 
50 
5 
300 
250 
0.812.4 
0.5/0.1 
2.4VIH. Low RON 
12-37 


DG303/A 
2 DPDT 
50 
5 
300 
250 
0.812.4 
0.5/0.1 
2.4VIH. Low RON 
12-37 


DG304/A 
2SPSTNO 
50 
5 
250 
150 
3.5/11 
0.5/0.1 
CMOS Logic 
12-43 


DG305/A 
SPDT 
50 
5 
250 
150 
3.5/11 
0.5/0.1 
levels. high 
12-43 


DG306/A 
2 DPSTNO 
50 
5 
250 
150 
3.5/11 
0.5/0.1 
speed. Low RON 
12-43 


DG307/A 
2 DPDT 
50 
5 
250 
150 
3.5/11 
0.5/0.1 
12-43 


DG381/A 
2SPSTNC 
50 
5 
300 
250 
0.8/4.0 
0.5/0.1 
Low RoN 
12-49 


DG384/A 
2 DPDTNO 
50 
5 
300 
250 
0.814.0 
0.5/0.1 
Low RoN 
12-49 


DG387/A 
SPDT 
50 
5 
300 
250 
0.814.0 
0.5/0.1 
Low RON 
12-49 
DG390/A 
2SPDT 
50 
5 
300 
250 
0.814.0 
0.5/0.1 
Low RON 
12-49 


IH5040 
SPSTNO 
80 
5 
400 
200 
0.812.4 
0.01/0.01 
Very ,Low Power 
12-55 
IH5041 
2 SPST NO 
80 
5 
400 
200 
0.8/2.4 
0.0110.01 
Very Low Power 
12-55 


IH5042 
SPDT 
80 
5 
400 
200 
0.812.4 
0.0110.01 
Very Low Power 
12-55 
IH5043 
2SPDT 
80 
5 
400 
200 
0.812.4 
0.0110.01 
Very Low Power 
12-55 


IH5044 
DPSTNO 
80 
5 
400 
200 
0.8/2.4 
0.0110.01 
Very Low Power 
12-55 


IH5045 
2 DPSTNO 
80 
5 
400 
200 
0.812.4 
0.01/0.01 
Very Low Power 
12-55 


IH5048 
SPDTNO 
45 
5 
1000 
500 
0.8/2.4 
0.01/0.01 
Low Charge Injection 
12-59 


IH5049 
2SPSTNO 
45 
5 
1000 
500 
0.812.4 
0.0110.01 
Low Charge Injection 
12-59 


IH5050 
SPDTNO 
45 
5 
1000 
500 
0.812.4 
0.0110.01 
Low Charge Injection 
12-59 


IH5051 
2 SPDT 
45 
5 
1000 
500 
0.812.4 
0.01/0.01 
Low Charge Injection 
12-59 


IH5140 
SPSTNO 
50 
0.1 
150 
125 
0.8/2.4 
0.01/0.01 
Fast; low power 
12-63 


IH5141 
2SPSTNO 
50 
0.1 
150 
125 
0.8/2.4 
0.0110.01 
Fast; low power 
12-63 


IH5142 
SPDT 
50 
0.1 
200 
125 
0.8/2.4 
0.01/0.01 
Fast; low power 
12-63 


IH5143 
2 SPDT 
50 
0.1 
200 
125 
0.8/2.4 
0.0110.01 
Fast; low power 
12-63 
IH5144 
DPSTNO 
50 
0.1 
200 
125 
0.8/2.4 
0.0110.01 
Fast; low power 
12-63 


IH5145 
2 DPSTNO 
50 
0.1 
200 
125 
0.812.4 
0.0110.01 
Fast; low power 
12-63 


IH5341 
2 SPST NO 
75 
0.5 
300 
150 
0.8/2.4 
0.00110.001 
70dS Isolation 
12-67 


IH5352 
4 SPST NO 
75 
0.5 
300 
150 
0.8/2.4 
0.001/0.001 
at 10MHz 
12-67 


High Voltage Analog Switches 


Part 
Function 
ros(oN) 
IO(OFF) 
t(ON) 
t(ON) 
VltNH 
Supply 
Current 
Features 
Page 
Number 
(Omax) 
(nAmax) 
(Ilsmax) 
(nsmax) 
(V) 
(1+/1- mA max) 
No. 


MAX341 
2SPSTNO 
75 
60 
1000 
750 
3.5/12 
0.3/0.02 
12-25 
MAX343 
2SPDT 
75 
60 
1000 
750 
3.5/12 
0.3/0.02 
High Voltage. 
12-25 


MAX345 
2 DPSTNO 
75 
60 
1000 
750 
3.5/12 
0.3/0.02 
±SOV Operation 
12-25 


MAX348 
2SPSTNO 
45 
60 
1000 
750 
3.5/12 
0.3/0.02 
12-25 


12-jj 
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Quad SPST CMOS Analog Switches 


_______ 
General Description 


The 
MAX331, 
DG201A 
and 
DG211 
are 
normally 


closed, 
quad single-pole-single-throw 
(SPST) analog 


switches. 
These CMOS switches 
can be continuously 
operated 
with 
power 
supplies 
ranging 
from ±4.5V to 


±18V. Maxim 
guarantees 
that these switches 
will not 


latch-up 
if the power 
supplies 
are disconnected 
with 


input signals 
still connected. 


All 
three 
devices 
have 
guaranteed 
break-before- 
make 
switching. 
The 
MAX331 
and 
DG201A 
differ 


with 
the 
DG211 primarily 
in switching 
speeds. 
The 
MAX331 and DG201A 
have a maximum 
turn-off 
time 
of 450ns and a maximum 
turn-on 
time of 600ns. The 
DG211 has a maximum 
turn-off 
time of 500ns and a 
maximum 
turn-on 
time of 1000ns. 


Compared 
to the 
original 
manufacturer's 
products, 
Maxim's 
DG201A 
and 
DG211 consume 
significantly 
lower 
power, 
making 
them 
better 
suited 
for portable 
applications. 
By specifying 
the MAX331, the customer 


is guaranteed 
low power 
consumption 
units. 
Maxim 


has also eliminated 
the need for the third 
(VL) power 


supply 
that is required 
for the operation 
of the origi- 
nal manufacturer's 
DG211. 


__________ 
Applications 


Winchester 
Disk Drives 


Test Equipment 


Communications 
Systems 


PBX, PABX 


Guidance 
and Control 
Systems 


Head up Displays 


Military 
Radios 


_____ 
Typical Operating 
Circuit 


____________ 
Features 


• 
Improved 
2nd Source! 
(See pages 3 and 5 
for "MAXIM 
Advantage'·") 


• 
Guaranteed 
±4.5V 
to ±18V 
Operation 


• 
No VL Supply 
Required 


• 
Non-Latching 
with Supplies 
Turned-off 
and Input Signals 
Present 


• 
CMOS and TTL Logic Compatible 


• 
Monolithic, 
Low Power CMOS 
Design 


PART 
TEMP. RANGE 
PACKAGE 


MAX331MJE 
-55°C to +125°C 
16 Lead CERDIP 


DG201AAK 
-55°C to +125°C 
16 Lead CERDIP 


DG201ABK 
-25°C to +85°C 
16 Lead CERDIP 


DG201ACK 
O°C to +70°C 
16 Lead CERDIP 


DG201ACJ 
O°C to +70°C 
16 Lead Plastic DIP 


DG201ACSE 
O°C to +70°C 
16 Lead Small Outline 


DG201C/D 
O°C to +70°C 
Dice 


DG211CJ 
O°Cto +70°C 
16 Lead Plastic DIP 


DG211CSE 
O°C to +70°C 
16 Lead Small Outline 


DG211C/D 
O°C to +70°C 
Dice 


""'AX'''''' 
MAX331 


DG201A 


DG211 


Note: • Pin 12 can be left open or connected 
to a logic supply 


voltage. 


The "Maxim 
Advantage 
.••.•signifies 
an upgraded 
quality 
/eve/. At no additional 
cost we offer a second-source 
device that is subject to the foJ/owing: 
guaranteed 
performance 
ovef temperature 
along with tighter 
test specifications 
on many key parameters; 
and device enhancements, 
when needed, 
that result in improved 
performance 
without changing the functionality. 


Quad SPST CMOS Analog Switches 


V+ to v- 
40V 
V,N to Ground 
.....•............•..•..•.............. 
V-. 
v+ 
VL to Ground 
....•..•..•..•..•..••...........•.... 
-0.3V. 
25V 
Vs or Vo to v+ 
.....•............•..•..•......•...... 
O. -40V 


~l~~~~~~:~::::::::::::::::::::::::::::::::::::::::.0, ~~~ 
v- 
to Ground 
................................•..•...... 
-25V 
Current, 
Any 
Terminal 
Except 
S or D ..............•..... 
30mA 
Continuous 
Current, 
S or D 
......................•..... 
20mA 
Peak 
Current, 
S or D 


(Pulsed 
at 1msec, 
10% duty 
cycle 
max) 
70mA 


Storage 
Temperature 
...........•........ 
, , .. 
-65'C 
to +125'C 


Operating 
Temperature 
............•..... 
, .. , ... 
O'C 
to +70'C 


Power 
Dissipation 
(Note 
1) 


16 Pin 
Plastic 
DIP 
(Note 
2) 
...............•......... 
470mW 
16 Pin 
Small 
Outline 
(SE) 
(Note 
3) 
400mW 


Note 
1: 


Note 
2: 


Note 
3: 


Device 
mounted 
with 
all leads 
soldered 
to PC board. 


Derate 
6.5mW/'C 
above 
+25'C. 


Derate 
7mW/'C 
above 
+25'C. 


Stresses listed under 
''Absolute Maximum 
Ratings" may be applied (one at a time) to devices without resulting in permanent 
damage. 
These are stress 


ratings only, and functional operation 
of the device at these or any other conditions above those indicated in the operational 
sections of the specifications 


is not implied. Exposure to absolute maximum 
ratings conditions for extended periods may affect device reliability. 


ELECTRICAL CHARACTERISTICS 
(DG211) 


(v+; 
+15V, v-; 
-15V, 
GND; 
OV, TA; 
+25'C, 
unless 
otherwise 
noted) 


LIMITS 


PARAMETER 
SYMBOL 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNITS 
(Note 
4) 
(Note 
5) 


Analog 
Signal 
Range 
VANAlOG 
-15 
15 
V 


Drain-Source 
ON 
Resistance 
ros (ani 
Vo; 
±10V, 
V,N; 
O.BV, Is; 
1 mA 
115 
175 
Il 


Source 
OFF 
Leakage 
Current 
Vs; 
14V, Vo; 
-14V 
0.01 
5.0 
Is (off) 
V,N; 
2.4V 
:I: 
Vs; 
-14V, 
Vo; 
14V 
-5.0 
-0.02 
0I- 


Vs; 
14V, Vo; 
-14V 
0.01 
5.0 
i 
Drain 
OFF 
Leakage 
Current 
10 (Oil) 
V,N; 
2.4V 
nA 


Ul 
Vs; 
-14V, 
Vo; 
14V 
-5.0 
-0.02 


Drain 
ON 
Leakage 
Current 


10 (on) 


Vs; 
Vo; 
14V. V,N; 
0.8V 
. 
0.1 
5.0 


(Note 
6) 
Vs ; Vo; 
-14V, 
V,N; 
O.BV 
V' 
-5.0 
-0.15 


Input 
Current 
With 
Input 
I'NH 


V,N ; 2.4V 
-1.0 
-0.0004 
I- 
Voitage 
High 
- ..•"."..• 
~' 
::J 
V,N; 
15V 
0.003 
1.0 
p.A 
0.. 
~ 
Input 
Current 
With 
Input 
I'NL 
V,N = OV 
"':t>-~ 
-1.0 
-0.0004 
Voltage 
Low 


Turn-ON 
Time 
ton 
See 
Switching 
Time 
460 
1000 


tOft1 
Test Circuit 
360 
500 
ns 


Turn-OFF 
Time 
Vs; 
2V, RL ; 
1kll, 
CL ; 35pF 
tOff2 
450 
0 
Source 
OFF 
Capacitance 
CS(Ofl) 
Vs; 
OV, V,N; 
5V, I; 
1MHz 
5 
i 
c( 
Drain 
OFF 
Capacitance 
Co 
(0") 
Vo = OV, V,N; 
5V, I = 1MHz 
5 
pF 
Z>- 
Channel 
ON 
Capacitance 
CO+S(on) 
V 0 ; V s ; OV, V IN ; OV, I ; 
1M Hz 
16 
Q 


OFF 
Isolation 
'(Not •• 7) 
OIRR 
70 


Crosstaik 
V,N = 5V, RL = 1kll, 
CL = 15pF, 
dB 


(Channel 
to Channel) 
CCRR 
Vs; 
1VRMS, 
I; 
100kHz 
90 


~ 
Positive 
Supply 
Current 
1+ 
0.35 
0.48 


0.. 


Negative 
Supply 
Current 
1- 
V,N ; OV and 
2.4V 
030 
048 
mA 
0.. 
::J 
Ul 
Logic 
Supply 
Current 
IL 
0.5 
1.2 


The 
algebraic 
convention 
whereby 
the 
most 
negative 
value 
is a minimum, 
and 
the 
most 
positive 
is a maximum, 
is used 
in this 


data 
sheet. 


Typical 
values 
are lor 
DESIGN 
AID 
ONLY, 
not 
guaranteed 
nor 
subject 
to production 
testing. 


10(on) is leakage 
Irom 
driver 
into 
"ON" 
switch. 


V 
OFF 
Isolation 
= 20 log ~ 
, V S = input 
to OFF 
switch, 
V 0 ; output. 


o 


The electrical 
characteristics 
above are a reproduction 
of a portion of Si/iconix's 
copyrighted 
1985 data book. This information 
does not constitute 
any 


representation 
by Maxim that Siliconix's 
products 
will perform 
in accordance 
with these specifications. 
The "Electrical Characteristics 
Table" along with 


descriptive 
excerpts from the original manufacturer's 
data sheet have been included in this data sheet solely for comparative 
purposes. 


..I~I..IJX I..I~I 


Quad SPST CMOS Analog Switches 


• 
Significantly 
Reduced Power Consumption 
• 
Third (Logic) Supply Not Required 


• 
Fault Protected 


ABSOLUTE 
MAXIMUM RATINGS (DG211) This device conforms to the Absolute Maximum Ratings on the adjacent 


page. 


ELECTRICAL 
CHARACTERISTICS 
(DG211): 
Specifications 
below satisfy or exceed all "tested" 
parameters 
on 
adjacent page. 


(v+ = +15V,v- = -15V, GND = OV,TA= +25°C, unless otherwise 
noted) 


LIMITS 


PARAMETER 
SYMBOL 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNITS 
(Note 4) 
(Note 5) 


Analog Signal Range 
VANALOG 
-15 
15 
V 


Drain-Source 
ON Resistance 
ros 
(on) 
VD= ±10V, V,N= 0.8V, Is = 1mA 
115 
175 
0 


:I: 
Source OFF Leakage Current 
Is (oft) 
V'N = 2.4V 
Vs = 14V,VD = -14V 
0.01 
5.0 
()~ 
Vs = -14V, VD= 14V 
-5.0 
-0.02 
i 
Vs = 14V,VD = -14V 
0.01 
5.0 
'" 
Drain OFF Leakage Current 
ID (oft) 
V'N = 2.4V 
nA 
Vs = -14V. VD = 14V 
-5.0 
-0.02 


Drain ON Leakage Current 
10 (on) 
Vs = VD = 14V,V,N = 0.8V 
0.1 
5.0 


(Note 6) 
Vs = VD = -141/, V,N = 0.8V 
-5.0 
-0.15 


Input Current With Input 


IINH 
V'N = 2.4V 
-1.0 
-0.0004 
~ 
Voltage High 
::) 
V'N = 15V 
0.003 
1.0 
IJA 
ll..~ 
Input Current With Input 


I'NL 
V'N = OV 
-1.0 
-0.0004 
Voltage Low 


Turn-ON Time 
ton 
See Switching 
Time 
460 
1000 


tOff1 
Test Circuit 
360 
500 
ns 


Turn-OFF Time 
Vs = 2V, RL = 1kO. CL = 35pF 
tOff2 
450 
()i 
Source OFF Capacitance 
CS(oft) 
Vs = OV,V,N = 51/,f = 1MHz 
5 


-< 
Drain OFF Capacitance 
CD (oft) 
VD = OV,V'N = 5V, f = 1MHz 
5 
pF 
z> 
C 
Channel ON Capacitance 
CO+S(on) 
VD = Vs = OV,V'N = OV,f = 1MHz 
16 


OFF Isolation (Note 8) 
OIRR 
70 


Crosstalk 
V'N = 51/,RL = 1kO. CL = 15pF, 
dB 


(Channel to Channel) 
CCRR 
Vs = 1VRMS, f = 100kHz 
90 


Positive Supply Current 
1+ 
0.02 
0.1 
~ 
Negative Supply Current 
1- 
V,N= OVand 2.4V 
0.01 
0.1 
mA 
Cl. 


Logic Supply Current 
0.0 
0.0 
Cl. 
Il 
::) 
'" 
Power Supply Range 
for Continuous 
Operation 
Vop 
±4.5 
±18 
V 


Quad SPST CMOS Analog Switches 


Storage Temperature 
..............•..•...... 
-65°C to +150°C 
Power Dissipation 
(Note 2) 
16 Pin CERDIP (Note 3) 
900mW 
16 Pin Plastic DIP (Note 4) ....................•.... 
470mW 
16 Pin Small Outline (SE) (Note 5) 
400mW 


Voltages Referenced to V- 
V+ 
44V 
GND 
25V 
Digital Inputs (Note 1), Vs- Vo 
-2V to (V+ +2V) 
or 20mA, whichever occurs first 
Current, Any Terminal Except S or D 
30mA 
Continuous 
Current, S or D 
20mA 
Peak Current, S or D 
(Pulsed at 1msec, 10% duty cycle max.) 
70mA 
Operating 
Temperature 
DG201A (A SUffix) 
-55°C to +125°C 
(B Suffix) 
..................•...... 
-25°C to +85°C 
(C Suffix) 
O°C to +70°C 
MAX331MJE 
-55°C to +125°C 


Signals on Sx, Dx, or INxexceeding 
V+ orV-on 
Maxim's 
MAX331 and DG201A will be clamped by internal diodes, 
and are also internally current limited to 25mA. 
Device mounted with all leads soldered to PC board. 
Derate 12mW/oC above +75°C. 
Derate 6.5mWfOC 
above +25°C. 


Derate 7mW/oC above +25°C. 


Note 2: 
Note 3: 
Note 4: 
NoteS: 


Stresses 
listed 
under 
''Absolute 
Maximum 
Ratings" 
may be applied 
(one at a time) 
to devices 
without 
resulting 
in permanent 
damage. 
These are stress 
ratings 
only, and functional 
operation 
of the device 
at these or any other conditions 
above those indicated 
in the operational 
sections 
of the specifications 
is not implied. 
Exposure 
to absolute 
maximum 
ratings 
conditions 
for extended 
periods 
may affect device reliability. 


ELECTRICAL CHARACTERISTICS 
(DG201A) 
(V+ = +15V,v- = -15V, GND = OV,TA= +25°C, unless otherwise 
noted) 


LIMITS 


PARAMETER 
SYMBOL 
TEST CONDITIONS 
DG201AA 
DG201AB.C 
UNITS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


(Note 6) (Note 7) 
(Note 6) (Note 7) 


Analog 
Signal Range 
VANALOG 
-15 
15 
-15 
15 
V 


Drain-Source 
ON 
Vo = ±10V, V'N = 0.8V, Is = 1mA 
115 
175 
115 
200 
n 
Resistance 
ros (on) 


Source OFF Leakage 
Vs = 14V,Vo = -14V 
0.01 
1.0 
0.01 
5.0 
:I: 
Is (olf) 
V'N = 2.4V 
() 
Current 
Vs = -14V, Vo = 14V 
-5.0 
-0.02 
I- 
~ 
Drain OFF Leakage 
Vs = 14\1, Vo = -14V 
0.01 
1.0 
0.01 
5.0 
en 
Current 
10(olf) 
V'N = 2.4V 
nA 
Vs = -14V, Vo = 14V 
-5.0 
-0.02 


Drain ON Leakage 
Vs = -14V, V'N = 0.8V 
0.1 
1.0 
0.1 
5.0 
Current 
(Note 8) 
10 (on) 
Vo = 14V,V'N = 0.8V 
;\.~ 
-1.0 
-0.15 
-5.0 
-0.15 


Input Current 
With 
V'N = 2.4V 
~' 
-1.0 
-0.0004 
-1.0 
-0.0004 
I- 
Input Voltage High 
I'NH 
<,;,"" 
.~ 
:J 
V'N = 15V 
0.003 
1.0 
0.003 
1.0 
IlA 
0.~ 
Input Current 
With 
I'NL 
V'N = OV 


•• ~ 
-Q+...•• 


-1.0 
-0.0004 
-1.0 
-0.0004 
Input Voltage Low 


Turn-ON Time 
ton 
See Switching 
Time 
480 
600 
480 
600 
ns 
Turn-OFF Time 
tOtf1 
Test Circuit 
370 
450 
370 
450 


Charge Injection 
Q 
CL = 1000pF, VGEN= OV, 
20 
20 
pC 
RGEN= on 


() 
Source OFF 
Cs loti) 
i 
Capacitance 
5 
5 


OCC 
Vs = OV,V'N = 5V 
z 
Drain OFF Capacitance 
Co (off) 
f = 140kHz 
5 
5 
pF 
> 
Q 
Channel 
ON 
Go (on) 
Capacitance 
+ Cs (on) 
Vo = Vs = OV,V'N = OV 
16 
16 


OFF Isolation 
V'N - 5V, ZL - 75n 
70 
70 


Crosstalk 
Vs = 2.0V, f = 100kHz 
90 
90 
dB 
(Channel 
to Channel) 


~~ 
Positive Supply Current 
1+ 
All Channels 
ON or OFF 
0.9 
2 
0.9 
2 
mA 
en 0. 
Negative Supply Current 
1- 
-1 
-0.3 
-1 
-0.3 


Note 6: 
The algebraic 
convention 
whereby 
the most negative 
value is a minimum, 
and the most positive 
is a maximum, 
is used in 
this data sheet. 


Note 7: 
Typical values are for DESIGN AID ONLY, not guaranteed 
nor subject to production 
testing. 


Note 8: 
'O(on)is leakage from driver into "ON" switch. 


The electrical characteristics 
above are a reproduction 
of a portion of Silicanix 's copyrighted 
1985 data book. This information 
does not constitute any 


representation by Maxim that Siliconix's products will perform in accordance with these specifications. 
The "Electrical Characteristics 
Table" along with 
descriptive 
excerpts trom the onginal 
manufacturer's 
dala sheet have been included 
in this datB sheet solely for comparative 
purposes. 


Quad SPST CMOS Analog Switches 


ABSOLUTE 
MAXIMUM RATINGS (MAX331, DG201A) 
This device conforms to the Absolute Maximum Ratings 


on the adjacent page. 


ELECTRICAL 
CHARACTERISTICS 
(MAX331, DG201A): 
Specifications 
below satisfy or exceed all "tested" 


parameters on adjacent page. 


(V+ = +15V,V- = -15V, GND = OV,TA = +25°C, unless otherwise noted) 


LIMITS 


PARAMETER 
SYMBOL 
TEST CONDITIONS 
MAX331/DG201AA 
DG201AB,C 
UNITS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
(Note6)(Note7) 
(Note6)(Note7) 


Analog Signal Range 
VANALOG 
-15 
15 
-15 
15 
V 


Drain-Source 
ON 
Vo = ±10V, V'N = 0.8V, Is = lmA 
115 
175 
115 
200 
n 
Resistance (Note 9) 
ros (on) 


:I: 
Source OFF Leakage 
Vs = 14V,Vo = -14V 
0.01 
1.0 
0.01 
5.0 
() 
Current 
Is (oil) 
V'N = 2.4V 
Vs = -14V, Va = 14V 
-1.0 
-0.02 
-5.0 
-0.02 
l-i 
Drain OFF Leakage 
Vs = 14V,Va = -14V 
0.01 
1.0 
0.01 
5.0 
'" 
Current 
10 (oil) 
V'N = 2.4V 
nA 
Vs = -14V, Va = 14V 
-1.0 
-0.02 
-5.0 
-0.02 


Drain ON Leakage 
Vs = -14V, V'N = 0.8V 
0.1 
1.0 
0.1 
5.0 
Current (Note 8) 
10 (on) 
Vo = 14V,V'N = 0.8V 
-1.0 
-0.15 
-5.0 
-0.15 


Input Current With 
V'N = 2.4V 
-1.0 
-0.0004 
-1.0 
-0.0004 
I- 
Input Voltage High 
IINH 
::l 
V'N = 15V 
0.003 
1.0 
0.003 
1.0 
0.. 
I'A 
~ 
Input Current With 
I'NL 
V'N = OV 
-1.0 
-0.0004 
-1.0 
-0.0004 
input Voltage Low 


Turn-ON Time 
ton 
See Switching Time 
480 
600 
480 
600 
ns 


Turn-OFF Time 
tOff1 
Test Circuit 
370 
450 
370 
450 


Charge Injection 
Q 
CL= 1000pF,VGEN= OV, 
20 
20 
pC 
RGEN= on 


() 
Source OFF 


CS(OIl) 
5 
5 
i 
Capacitance 
Vs = OV,V'N = 5V 
0( 
Drain OFF Capacitance 
COlall) 
f = 140kHz 
5 
5 
pF 
Z>- 
Channel ON 
Co (on)+ 
Q 
Vo = Vs = OV,V'N = OV 
16 
16 
Capacitance 
CS1on) 


OFF Isolation 
V'N = 5V,ZL = 75n 
70 
70 


Crosstalk 
Vs = 2.0V,f = 100kHz 
90 
90 
dB 
(Channel to Channel) 


Positive Supply Current 
1+ 
All Channels ON or OFF 
0,02 
0,1 
0,02 
0.1 
~ 
mA 
0.. 
Negative Supply Current 
1- 
All Channels ON or OFF 
-0,1 
-0,01 
-0.1 
-0.01 
0.. 
::l 
Power Supply Range lor 


'" 
Continuous 
Operation 
Vop 
±4.5 
±18 
±4.5 
±18 
V 


Note 6: 
The algebraic 
convention 
whereby the most negative value is a minimum, 
and the most positive is a maximum, is used in 
this data sheet. 


Note 7: 
Typical values are lor DESIGN AID ONLY, not guaranteed nor subject to production 
testing. 


Note 8: 
'Olon)is leakage from driver into "ON" switch. 


Note 9: 
Electrical characteristics, 
such as ON Resistance, will change when power supplies other than ±15V, are used. 
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•••• 
ELECTRICAL CHARACTERISTICS 
(DG201A) 
•••• 
(v+ = +15V, v- = -15V, GND = ov, TA= Full Operating 
Temperature 
Range) 


~ 


~ 
~••••§ 


~•••• 
C') 


~; 


LIMITS 


PARAMETER 
SYMBOL 
TEST CONDITIONS 
DG201AA 
DG201AB,C 
UNITS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
(Note 6) (Note 7) 
Note 6) (Note 7) 


Analog 
Signal Range 
VANALOG 
-15 
15 
-15 
15 
V 


Drain-Source 
ON 
Vo = ±10V, V,N = 0.8V, Is = 1mA 
, 


250 
250 
0 
Resistance 
ros (on) 


:I: 
Source OFF Leakage 
Vs = 14V,Vo = _14V 
,J 
>; 
100 
100 
U 
Is (off) 
V,N = 2.4V 
I- 
Current 
Vs = -14V, Vo = 14V 
-100 
-100 
i 
Ul 
Drain OFF Leakage 
Vs = 14V.Vo = -14V 
100 
100 
Current 
10 (oil) 
VjN =2.4V 
nA 
Vs ~-14V, Vo = 14V 
-100 
-100 


Drain ON Leakage 
Vs = -14V, V,N = 0.8V 
200 
200 
Current 
(Note 10) 
'O(onl 
Vo = 14V,V,N = 0.8V 
-200 
-200 


Input Current 
With 
I,,, I'NH 
V,N = 2.4V 
-1.0 
-10 
I- 
;:) 
Input VoltaRe High 
V,N = 15V 
-10 
-10 
II. 
I'A 
;!; 
Input Current 
With 
I'NL 
V,N = OV 
-10 
-10 
Input Voltage Low 


The electrical 
characteristics 
above are a reproduction 
of a portion 
of Siliconix's 
copyrighted 
1985 data book. This information 
does not constitute 
any 


representation 
by Maxim that Siliconix's 
products 
will perform 
in accordance 
with these specifications. 
The "Electrical 
Characteristics 
Table" along with 


descriptive 
excerpts from the original manufacturer's 
data sheet have been included in this data sheet solely for comparative purposes. 


- 
Switching 
Time Test Circuit 


Vo is the steady state output 
with switch 
on. Feed- 


through 
via gate capacitance 
may result in spikes at 
leading and trailing edge of output waveform. 


Switch 
output 
waveform 
shown 
for Vs = constant 
with 
logic 
input 
waveform 
as shown. 
Note that Vs 
may be +ve or -ve as per switching 
times test circuit. 


I\fP~¥ 3V 


tl<21ln1 
tr<21ln1 


SWITCH 
INPUT 
S, 
Vs'" +2V 


SWITCH 
OUTPUT 


Yo 


'~h~ 
r&F 


(REPEAT TEST FOR IN" 
IN, AND IN~ 


POWER SUPPLIES 
RDSION)AT ANALOG 
SIGNAL 
LEVEL 


-5V 
+5V 
-10V 
+10V 
-15V 
+15V 


±5V 
35011 
3800 


±10V 
16511 
2500 


±15V 
12511 
1600 
1350 
155fl 


Quad SPST CMOS Analog Switches 


ELECTRICAL CHARACTERISTICS 
(MAX331, DG201A): 


(V+ = +15V,v- = -15V, GND = OV,TA= full operating temperature 
range) 


LIMITS 


PARAMETER 
SYMBOL 
TEST CONDITIONS 
MAX331/DG201AA 
DG201AB,C 
UNITS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


Note 6) (Note 7) 
(Note 6) (Note 7) 


Analog Signal Range 
VANALOG 
-15 
15 
-15 
15 
V 


Drain-Source 
ON 
VD = ±10V, V'N = O.BV,'s = 1mA 
250 
250 
n 
Resistance 
(Note 11) 
(os (on) 


Source OFF Leakage 
Vs = 1411,VD= -14V 
100 
100 
x 
Is (all) 
V'N = 2.4V 
U 
Current 
Vs = -14V, VD = 14V 
-100 
-100 
l-i 
Drain OFF Leakage 
Vs = 1411,VD= -14V 
100 
100 
II) 
Current 
ID (all) 
V'N = 2.4V 
nA 
Vs = -14V, VD = 14V 
-100 
-100 


Drain ON Leakage 
Vs = -14V, V'N = O.BV 
200 
200 
Current 
(Note 10) 
ID (ani 
VD = 14V,V'N = O.BV 
-200 
-200 


Input Current 
With 
V'N: 2.4V 
-1.0 
-1.0 


I- 
Input Voltage High 
I'NH 
V'N: 
15V 
1.0 
1.0 
:l 
/loA 
lL~ 
Input Current 
With 
I'NL 
V'N: OV 
-1.0 
-1.0 
Input Voltage Low 


Note 10: ID(On)is leakage from driver into "ON" switch. 
Note 11: Electrical characteristics, 
such as ON Resistance, will change when power supplies other than ±15V, are used. 


Protecting 
Against 


-- 
Fault Conditions 


Fault 
conditions 
occur 
when 
power 
supplies 
are 


turned 
off when 
input 
signals 
are still 
present 
or 


when over voltages occur at the inputs during normal 
operation. 
In either case, source-to-body 
diodes can 


be forward 
biased 
and 
conduct 
current 
from 
the 


signal source. If this current 
is required to be kept to 


low (JtA) levels then the addition 
of external 
protec- 


tion diodes is recommended. 
To provide 
protection 
for over-voltages 
up to 20V 


above the supplies, 
a 1N4001 or 1N914 type diode 


should 
be placed 
in series 
with 
the 
positive 
and 


negative supplies as shown in Fig. 1. The addition 
of 


these diodes will reduce the analog signal range to 1 
volt below the positive 
supply 
and 1 volt above the 


negative supply. 


N1AXINI 
MAX331 


OG201A 


OG211 


Quad SPST CMOS Analog Switches 


,.. 
Chip Topography 
,.. 
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Maxim 
cannot 
assume 
responsibility 
(or use of any circUitry 
other 
than 
clfcwfry 
entIrely 
embodied 
In a Maxim 
product. 
No circuit 
patent 
licenses 
are implied. 
Maxim 
reserves 
the right 
to change 
the circuitry 
and specificatIons 
without 
notice 
at any time. 


~~I~JXI~~I 
Quad CMOS Analog Switches 


_______ 
General Description 


Maxim's 
MAX332, 
DG202 
and 
DG212 are normally 
open, 
quad 
single-pole-single-throw 
(SPST) 
analog 
switches. 
These CMOS switches 
can be continuously 
operated 
with 
power 
supplies 
ranging 
from ±4.5V to 
±18V. 
Maxim 
guarantees 
that 
the 
MAX332 
and 
DG202/212 
will 
not 
latch 
up if their 
power 
supplies 
are disconnected 
with input signals still connected. 


The 
MAX332 
and 
DG202/DG212 
are similar 
to the 
DG201 and DG211 except for inverted 
control 
inputs. 


All 
devices 
have 
guaranteed 
break-before-make 
switching 
as well as essentially 
constant 
on resistance 
over the analog 
signal 
range. 
All switches 
conduct 
current 
in either 
direction 
and add 
no offset 
to the 
output 
signal. 


Compared 
to 
the 
original 
manufacturers 
products, 
Maxim's 
MAX332 
and 
DG202/DG212 
consume 
very 
little 
power, 
making 
them 
ideally 
suited 
for portable 
applications. 
Maxim 
has also eliminated 
the need for 
the 
third 
logic 
power 
supply 
(VLl, 
required 
when 
operating 
the original 
manufacturer's 
DG212, without 
sacrificing 
compatibility. 


Analog 
Multiplexers 


Programmable 
Gain Amplifiers 


Communications 
Systems 


Sample/Holds 


Automatic 
Test Equipment 


PBX, PABX 
_____ 
Typlcal Operating Circuit 


____________ 
Featurea 


• 
Improved 
2nd Sourcel 
(See pages 3 and 5 
for "MAXIM 
Advantage'·") 


• 
Guaranteed 
±4.5V to ±18V Operation 


• 
No VL Supply 
Required 


• 
Non-latching 
with Supplies 
Tumed-off 
and Input Signals 
Present 


• 
CMOS and TTL Logic Compatible 


• 
Monolithic, 
Low Power CMOS 
Design 
_______ 
Orderlng Information 


PART 
TEMP. RANGE 
PACKAGE 


MAX332MJE 
-SS·C to +12S·C 
16 Lead CERDIP 


DG202C/D 
O·C to +70·C 
Dice 


DG202CJ 
O·C to +70·C 
16 Lead Plastic DIP 


DG202CSE 
O·C to +70·C 
16 Lead Small Outline 


DG202CK 
O·C to +70·C 
16 Lead CERDIP 


DG202BSE 
-2S·C to +8S·C 
16 Lead Small Outline 


DG202BK 
-2S·C to +8S·C 
16 Lead CERDIP 


DG202AK 
-SS·C to +12S·C 
16 Lead CERDIP 


DG212C/D 
O·C to +70·C 
Dice 


DG212CJ 
O·C to +70·C 
16 Lead Plastic DIP 


DG212CSE 
O·C to +70·C 
16 Lead Small Outline 


N1AXINI 
MAX332 
DG202 
DG212 


Note: 
'Pin 12 can be left open or connected 
to a logic supply 
voltage. 


The "Maxim 
AdventageN" 
signifies 
an upgraded 
quality 
level. At no additional 
cost we offer a second-source 
device that is subject 
to the fol/owing: 
guaranteed 


performance 
over temperature 
along with tighter 
test specifications 
on many key parameters; 
and device enhancements, 
when needed. 
that result in improved 
performance 
without 
changing 
the functionality. 


Quad CMOS Analog aw,rcnes 


Storage Temperature 
..........•.........•... 
-65°C to +125°C 
Operating Temperature 
...........•......•...... 
O°C to +70°C 


Power Dissipation 
(Note 1) 
16 Pin Plastic DIP (Note 2) .............•........... 
470mW 
16 Pin Small Outline (SE) (Note 3) 
400mW 


V+ to V- ............•...................•..•........... 
40V 


V,Nto Ground 
..............................•........ 
V-, V+ 


~~~~e~~~nJ+ 
::::::::::::::::::::::::::::::::::::: .~O.~~~:~~ 


~l~~6~~~~~ 
::::::::::::::::::::::::::::::::::::::::.~, 
~~~ 


V- to Ground 
..................................•....... 
-25V 
Current, Any Terminal Except S or D .............•...... 
30mA 


Continuous 
Current, S or D .....................•...... 
20mA 
Peak Current, S or D 


(Pulsed at1 msec, 10% duty cycle max) 
70mA 


Note 1: 


Note 2: 


Note 3: 


Device mounted with all leads soldered to PC board. 


Derate 6.5mWfOC above +25°C. 


Derate 7mW/oC above +25°C. 


Stresses listed under "Absolute Maximum 
Ratings" may be applied (one at a time) to devices without resulting in permanent 
damage. 
These are stress 
ratings only, and functional operation of the device at these or any other conditions above those indicated in the operational 
sections of the specifications 
is not implied. Exposure to absolute maximum 
ratings conditions for extended periods may affect device reliability. 


ELECTRICAL CHARACTERISTICS (DG212) 
(V+ = +15V,v- = -15V, GND = OV,TA= +25°C, unless otherwise 
noted) 


LIMITS 


PARAMETER 
SYMBOL 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNITS 
(Note 4) 
(Note 5) 


Analog Signal Range 
VANALOG 
-15 
15 
V 


Drain-Source 
ON Resistance 
ros (on) 
Va = ±10V, V,N= 2.4V, Is = 1mA 
115 
175 
° 
Source OFF Leakage Current 
Is (ott) 
V,N = 0.8V 
Vs = 14V,Va = -14V 
0.01 
5.0 
J: 
(J 
Vs = -14V, Va = 14V 
-5.0 
-0.02 
l-i 
Drain OFF Leakage Current 
10(olt) 
V,N= 0.8V 
Vs = 14V,Va = -14V 
0.01 
5.0 
<II 
nA 
Vs = -14V, Va = 14V 
-5.0 
-0.02 


Drain ON Leakage Current 
10(on) 


Vs = Va = 14V,V,N= 2.4V 
0.1 
5.0 
(Note 6) 
Vs = Va = -14V, V,N = 2.4V 
; 
-5.0 
-0.15 


Input Current With Input 
I'NH 
V,N = 2.4V 
~ 
-1.0 
-0.0004 
I- 
Voltage High 
~- 
-...;,,~. 
~ 
V,N= 15V 
0.003 
1.0 
"A 
lL~ 
Input Current With Input 
I'NL 
V,N= OV 
.- "'~V 
-1.0 
-0.0004 
Voltage Low 


Turn-ON Time 
ton 
See Switching 
Time 
460 
1000 


tOft1 
Test Circuit 
360 
500 
ns 
Turn-OFF Time 
Vs = 2V, RL = 1kO, CL = 35pF 


tOff2 
450 
(J 
Source OFF Capacitance 
Cs olt) 
Vs = OV,V,N = OV,I = 1MHz 
5 
ic 
Drain OFF Capacitance 
COtolt) 
Va = OV,V,N = OV,I = 1MHz 
5 
pF 
Z> 
Channel ON Capacitance 
CO+$(on) 
Va = Vs = 5V, V,N = OV,I = 1MHz 
16 
Q 
OFF Isolation (Note 7) 
OIRR 
70 


Crosstalk 
V,N = OV,RL = 1kO, CL = 15pF, 
dB 


(Channel to Channel) 
CCRR 
Vs = 1VRMS, I = 100kHz 
90 


~ 
Positive Supply Current 
1+ 
0.35 
0.48 


lL 
Negative Supply Current 
1- 
V,N = OVand 2.4V 
0.30 
0.48 
mA 
lL~ 
<II 
Logic Supply Current 
IL 
0.5 
1.2 


The algebraic 
convention 
whereby the most negative value is a minimum, 
and the most positive is a maximum, 
is used in this 


data sheet. 
Typical values are lor DESIGN AID ONLY, not guaranteed 
nor subject to production 
testing. 


10(on)is leakage lrom driver into "ON" switch. 


V 
OFF Isolation 
= 20 log I/- ' Vs = input to OFF switch, Va = output. 


a 


The electrical 
characteristics 
above are a reproduction 
of a portion of Siliconix's 
copyrighted 
1985 data book. This information 
does not constitute 
any 
representation 
by Maxim that Siliconix's 
products 
will perform in accordance 
with these specifications. 
The "Electrical 
Characteristics 
Table" along with 
descriptive 
excerpts from the original manufacturer's 
data sheet have been included in this data sheet solely for comparative 
purposes. 


Quad CMOS Analog Switches 


• 
Third (Logic) 
Supply Not Required 


Fault Protected 


Significantly 
Reduced Power Consumption 
• 


ABSOLUTE MAXIMUM RATINGS (DG212): This device conforms to the Absolute Maximum Ratings on the adjacent 
page. 


ELECTRICAL 
CHARACTERISTICS 
(DG212): 
Specifications 
below satisfy 
or exceed all "tested" 
parameters 
on 


adjacent page. 


(V+ = +15V, V- = -15V. GND = OV,TA= +25°C, unless otherwise 
noted) 


LIMITS 


PARAMETER 
SYMBOL 
TEST CONDITIONS 
MIN 
TYP 
MAX 
UNITS 
(Note 4) 
(Note 5) 


Analog Signal Range 
VANALOG 
-15 
15 
V 


Drain-Source 
ON Resistance 
rOS 
(on) 
Vo = ±10V, V'N = 2.4V, Is = 1mA 
115 
175 
n 


:I: 
Source OFF Leakage Current 
Is (off) 
V'N = O.BV 
Vs = 14V,Vo = -14V 
0.01 
5.0 


(J 
Vs = -14V, Vo = 14V 
-5.0 
-0.02 
~i 
Vs = 14V,Vo = -14V 
0.01 
5.0 
III 
Drain OFF Leakage Current 
1010ff) 
V'N = O.BV 
nA 
Vs = -14V, Vo = 14V 
-5.0 
-0.02 


Drain ON Leakage Current 
10Ion) 


Vs = Vo = 14V,V'N = 2.4V 
0.1 
5.0 
(Note 6) 
Vs = Vo = -14V. V'N = 2.4V 
-5.0 
-0.15 
~ 
Input Current With Input 


J1NH 
V'N = 2.4V 
-1.0 
-0.0004 


:;, 
Voltage High 
A- 
V'N = 15V 
0.003 
1.0 
IlA 
!! 
Input Current With Input 
Voltage Low 
I'NL 
V'N = OV 
-1.0 
-0.0004 


Turn-ON Time 
ton 
See Switching 
Time 
460 
1000 


tOft1 
Test Circuit 
360 
500 
ns 
Turn-OFF Time 
Vs = 2V. RL = lkn, 
CL = 35pF 
t01f2 
450 


(J 
Source OFF Capacitance 
CSloff) 
Vs = OV,V'N = OV,f = lMHz 
5 
i 
c( 
Drain OFF Capacitance 
COIOff) 
Vo = OV.V'N = OV,f = lMHz 
5 
pF 
Z>- 
Channel ON Capacitance 
CO+S(on) 
Vo = Vs = OV,V'N = 5V. f = lMHz 
16 
Q 


OFF Isolation (Note B) 
OIRR 
70 


Crosstalk 
V'N = OV.RL = lkn, 
CL = 15pF, 
dB 


(Channel to Channel) 
CCRR 
Vs = lVRMS, f = 100kHz 
90 


Positive Supply Current 
1+ 
0.02 
0.1 
~ 
Negative Supply Current 
1- 
VIN = OVand 2.4V 
0.סס OO1 
0.1 
mA 
A- 


Logic Supply Current 
A- 
IL 
0.0 
0.0 
:;, 
III 
Power Supply Range 
for Continuous 
Operation 
Vop 
±4.5 
±18 
V 


Quad SPST CMOS Analog Switches 


ABSOLUTE 
MAXIMUM RATINGS (DG202) 


Voltages Relerenced to v- 
v+ 
............................•..•.................. 
44V 
GND ..........................................•..... 
25V 
Digital Inputs (Note 1), Vs, Vo 
-2V, to (V+ +2V) 
or 20mA, whichever occurs lirst 
Current, Any Terminal Except S or D 
30mA 
Continuous 
Current, S or D 
20mA 
Peak Current, S or D 


(Pulsed at 1msec, 10% duty cycle max.) 
70mA 
Operating 
Temperature 
DG202 (A Suffix) 
-55°C to +125°C 


(B Suffix) 
..........•.........•...... 
-25°C to +85°C 
(C Suffix) 
O°C to +70°C 
MAX332MJE 
-55°C to +125°C 


Storage Temperature 
................•....... 
-65°C to +150°C 


Power Dissipation 
(Note 2) 


16 Pin CERDIP (Note 3) 
900mW 


16 Pin Plastic DIP (Note 4) ............•......•..... 
470mW 
16 Pin Small Outline (SE) (Note 5) 
400mW 


Signals on Sx, Dx, or INx exceeding V+ or V- on Maxim's 
MAX332 and DG202 will be clamped by internal diodes, 
and are also internally current limited to 25mA. 
Device mounted with all leads soldered to PC board. 
Derate 12mW/oC above +75°C. 
Derate 6.5mW/oC above +25°C. 
Derate 7mW/oC above +25°C. 


Note 2: 
Note 3: 
Note 4: 
NoteS: 


Stresses listed under "Absolute 
Maximum 
Ratings" 
may be applied 
(one at a time) to devices without 
resulting 
in permanent 
damage. 
These are stress 


ratings 
only, and functional 
operation 
of the device at these or any other conditions 
above those indicated 
in the operational 
sections 
of the specifications 
is not implied. Exposure to absolute maximum ratings conditions 
for extended periods may affect device reliability. 


ELECTRICAL CHARACTERISTICS 
(DG202) 


(V+; 
+15V,v-; 
-15V, GND; 
OV,TA; +25°C, unless otherwise 
noted) 


LIMITS 


PARAMETER 
SYMBOL 
TEST CONDITIONS 
DG202A 
DG202B,C 
UNITS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


(Nole 6) (Note 7) 
Note 6) (Note 7) 


Analog Signal Range 
VANALOG 
-15 
15 
-15 
15 
V 


Drain-Source 
ON 
Vo; 
±10V, V'N; 2.4V, Is; 
1mA 
115 
175 
115 
200 
n 
Resistance 
ros 
(on) 


:I: 
Source OFF Leakage 
Vs; 14V,Vo; 
-14V 
0.01 
1.0 
0.01 
5.0 
U 
Current 
Is (offl 
V,N; 0.8V 
Vs;-14V, 
Vo; 
14V 
-5.0 
-0.02 
l-i 
Drain OFF Leakage 
Vs; 14V,Vo; -14V 
0.01 
1.0 
0.01 
5.0 
IJl 
10(off) 
V,N; 0.8V 
nA 
Current 
Vs; -14V, VO; 14V 
-5.0 
-0.02 


Drain ON Leakage 
Vs; 
-14V, V,N; 2.4V 
0.1 
1.0 
0.1 
5.0 
Current (Note 8) 
10(on) 
Vo; 
14V,V'N; 2.4V 
-1.0 
-0.15 
-5.0 
-0.15 


Input Current With 
V'N; 
2.4V 
•..... 
-1.0 
-0.0004 
-1.0 
-0.0004 
I- 
Input Voltage High 
I'NH 
~"O\J' 
:l 
V,N; 15V 
0.003 
1.0 
0.003 
1.0 
I'A 
....~ 
Input Current With 
I'NL 
V,N; OV 
~v 
_ot~ 
-1.0 
-0.0004 
-1.0 
-0.0004 
Input Voltage Low 


Turn-ON Time 
ton 
See Switching 
Time 
480 
600 
480 
600 
ns 


Turn-OFF Time 
toff 
Test Circuit 
370 
450 
370 
450 


Charge Injection 
Q 
CL; 1000pF, VGEN; OV, 
20 
20 
pC 
RGEN; on 
u 
Source OFF 
CS(Otf) 
5 
5 
i 
Capacitance 
< 
Vs ; OV,V'N ; OV 
Z 
Drain OFF Capacitance 
Co (off) 
I; 
140kHz 
5 
5 
pF 
> 
Q 
Channel ON 
Co (on) 
Capacitance 
+ Cs (on) 
Vo; 
VS; OV,V'N; 5V 
16 
16 


OFF Isolation 
V,N; OV,ZL ; 75kn 
70 
70 


Crosstalk 
Vs; 
2.0V, I ; 100kHz 
90 
90 
dB 
(Channel to Channel) 
, 
Positive Supply Current 
1+ 
All Channels ON or OFF 
0.9 
2 
0.9 
2 
~~ 
mA 
1Jl •••• 
Negative Supply Current 
1- 
Ail Channels ON or OFF 
-1 
-0.3 
-1 
-0.3 


Nole 6: 
The algebraic 
convention 
whereby the most negative value is a minimum, 
and the most positive is a maximum, 
is used in this 


data sheet. 


Nole 7: 
Typical values are lor DESIGN AID ONLY, not guaranteed 
nor subject to production 
testing. 
Note 8: 
10(onlis leakage Irom driver into "ON" switch. 


The electrical 
characteristics 
above are a reproduction 
of a portion 
of Siliconix's 
copyrighted 
1985 data book. This information 
does not constitute 
any 
representation 
by Maxim that Siliconix's 
products 
will perform in accordance 
with these specifications. 
The "Electrical 
Characteristics 
Table" along with 
descriptive 
excerpts from the original manufacturer's 
data sheet have been included 
in this data sheet solely for comparative purposes. 


~~I..IJX I..I~I 


~ 


Quad SPST CMOS Analog Switches 


ABSOLUTE MAXIMUM RATINGS (MAX332, DG202): This device conforms to the Absolute Maximum Ratings 
on the adjacent page. 


ELECTRICAL 
CHARACTERISTICS 
(MAX332, DG202): 
Specifications 
below satisfy 
or exceed 
all "tested" 
parameters on adjacent page. 


(V+ ; +15V, V- ; -15V, GND ; OV,TA; +25' C, unless otherwise 
noted) 


LIMITS 


PARAMETER 
SYMBOL 
TEST CONDITIONS 
MAX3321DG202A 
DG202B,C 
UNITS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
(Note6) (Note 7) 
(Note 6) (Note 7) 


Analog Signal Range 
VANALOG 
-15 
15 
-15 
15 
V 


Drain-Source 
ON 
VD; 
±10V, V'N; 2.4V, Is; 
1mA 
115 
175 
115 
200 
n 
Resistance (Note 9) 
rOS (on) 


J: 
Source OFF Leakage 
Vs; 14V,Vo; -14V 
0.01 
1.0 
0.01 
5.0 
U 
Is (off) 
V'N; 0.8V 
~ 
Current 
Vs; -14V, VD; 
14V 
-1.0 
-0.02 
-5.0 
-0.02 
i 
UI 
Drain OFF Leakage 
Vs; 14V,Vo; -14V 
0.01 
1.0 
0.01 
5.0 
10(off) 
V'N; 0.8V 
nA 
Current 
Vs; -14V, Vo; 
14V 
-1.0 
-0.02 
-5.0 
-0.02 


Drain ON Leakage 
Vs; -14V, V,N; 2.4V 
0.1 
1.0 
0.1 
5.0 
Current (Note 8) 
10(on) 
VO; 14V,V'N; 
2.4V 
-1.0 
-0.15 
-5.0 
-0.15 


Input Current With 
V,N; 2.4V 
-1.0 
-0.0004 
-1.0 
-0.0004 
~ 
Input Voltage High 
I'NH 
;:) 
V,N; 15V 
0.003 
1.0 
0.003 
1.0 
l1. 
JjA 
! 
Input Current With 
I'NL 
V'N; OV 
-1.0 
-0.0004 
-1.0 
-0.0004 
Input Voltage Low 


Turn-ON Time 
ton 
See Switching 
Time 
480 
600 
480 
600 
ns 


Turn-OFF Time 
tOff1 
Test Circuit 
370 
450 
370 
450 


Charge Injection 
Q 
CL; 1000pF, VGEN; OV, 
20 
20 
pC 
RGEN; on 
u 
Source OFF 
i 
Capacitance 
CS(off) 
Vs; OV,V,N; OV 
5 
5 
c( 
Z 
Drain OFF Capacitance 
Co (off) 
f; 
140kHz 
5 
5 
pF 
>-0 
Channel ON 
Co (on)+ 
Vo; 
Vs ; OV,V,N; 5V 
16 
16 
Capacitance 
CS(on) 


OFF Isolation 
V'N; OV,ZL ; 75kn 
70 
70 


Crosstalk 
Vs; 2.0V, f ; 100kHz 
90 
90 
dB 
(Channel to Channel) 


~ 
Positive Supply Current 
1+ 
All Channels ON or OFF 
0,02 
0.1 
0.02 
0.1 


mA 
l1. 
Negative Supply Current 
I- 
All Channels ON or OFF 
-0.1 
-0.01 
-0.1 
-0.01 
l1. 
;:) 
Power Supply Range for 
UI 
Vop 
±4.5 
±18 
±4.5 
±18 
V 
Continuous Operation 


The algebraic 
convention 
whereby the most negative value is a minimum, 
and the most positive is a maximum, 
is used in this 


data sheet. 
Typical values are for DESIGN AID ONLY, not guaranteed 
nor subject to production 
testing. 


10(on)is leakage from driver into "ON" switch. 
Electrical characteristics, 
such as ON Resistance, will change when power supplies other than ±15V, are used. 


Note 7: 
Note 8: 
Note 9: 


ELECTRICAL CHARACTERISTICS 
(DG202) 
(v+ ; +15V. v- ; -15V, GND; 
OV.TA; Full Operating Temperature Range) 


LIMITS 


PARAMETER 
SYMBOL 
TEST CONDITIONS 
DG202A 
DG202B.C 
UNITS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


(Note 6) (Note 7) 
(Note6) (Note 7) 


Analog Signal Range 
VANALOG 
-15 
15. 
-15 
15 
V 


Drain-Source 
ON 
Vo; 
±10V, V1N; 2.4V, Is; 
1mA 
.' 
250 
250 
0 
Resistance 
ros (on) 


:z: 
Source OFF Leakage 
Vs; 14V,Vo: 
-14V 
.' 
100 
100 
(J 
Current 
IS1OH) 
V1N; 0.8V 
Vs; -14V. Vo; 
14V 
-100 
-100 
~i 
Drain OFF Leakage 
Vs; 14V,Vo; -14v 
100 
100 
VI 
10 (olfl * 
VIN: 0.8V 
nA 
Current 
Vs:~j4V, 
Vo: 
14V 
-100 
-100 


Drain ON Leakage 
Vs; 
-14V. V1N; 2.4V 
200 
200 
Current (Note 10) 
10 (on) 
Vo; 
14V,VIN ; 2.4V 
-200 
-200 


Input CurrenfWith 
VIN; 2.4V 
-1.0 
-10 
~ 
Input 'voltage High 
~ I 
IINH 
::l 
VIN; 15V 
-10 
-10 
A. 
"A 
~ 
Input Current With 
IINL 
V1N; OV 
-10 
-10 
Input Voltage Low 


The electrical 
characteristics 
above 
are a reproduction 
of B portion 
of Siliconix's 
copyrighted 
1985 data book. 
This information 
does not constitute 
any 
representation 
by Maxim 
that Siliconix's 
products 
will perform 
in accordance 
with these specifications. 
The "Electrical 
Characteristics 
Table" along 
with 


descriptive 
excerpts 
from 
the original 
manufacturer's 
data sheet have been included 
in this data sheet solely 
for comparative 
purposes. 


____________________ 
Switchlng 
Time Test CITcuit 


Vo is the steady state output 
with switch 
on. Feed- 


through 
via gate capacitance 
may result in spikes at 


leading and trailing edge of output waveform. 


Switch 
output 
waveform 
shown 
for Vs = constant 
with 
logic 
input 
waveform 
as shown. 
Note that Vs 
may be +ve or -ve as per switching 
times test circuit. 


l\fpGJ~ 3V 


tr< m"ls 
Ir< 
20ns 
SWITCH 
INPUT 
S, 
VS" +2V 


SWITCH 
OUTPUT 


Va 


POWER SUPPLIES 
RDSION)AT ANALOG SIGNAL LEVEL 


-5V 
+5V 
-10V 
+10V 
-15V 
+15V 


±5V 
3500 
3800 


±10V 
1650 
2500 


±15V 
1250 
160n 
1350 
155n 


Quad SPST CMOS Analog Switches 


ELECTRICAL CHARACTERISTICS 
(MAX332, DG202): 


(V+ = +15V, v- = -15V, GND = OV, TA = full operating temperature 
range) 


LIMITS 


PARAMETER 
SYMBOL 
TEST CONDITIONS 
MAX332/DG202A 
DG202B,C 
UNITS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


(Note 6) (Note 7) 
(Note 6) (Note 7) 


Analog Signal Range 
VANALOG 
-15 
15 
-15 
15 
V 


Drain-Source 
ON 
Vo = ±10V, 
V'N = 2.4V, Is = 1mA 
250 
250 
n 
Resistance (Note 11) 
ros (on) 


J: 
Source OFF Leakage 
Vs = 14Y, Vo = -14V 
100 
100 
(.) 
Current 
Is (oft) 
V'N = 0.8V 
Vs = -14V, Vo = 14V 
-100 
-100 
l-i 
Drain OFF Leakage 
Vs = 14V, Vo = -14V 
100 
100 
/I) 


10 (oft) 
V'N = 0.8V 
nA 
Current 
Vs = -14V, Vo = 14V 
-100 
-100 


Drain ON Leakage 
Vs = -14V, 
V'N = 2.4V 
200 
200 
Current (Note 10) 
10 (on) 


Vo = 14V, V'N = 2.4V 
-200 
-200 


Input Current With 
VIM= 2,4V 
-1.0 
-1.0 
I- 
Input Voltage High 
I'NH 
;:) 
V'M= 15V 
1.0 
1.0 
pA 
II.~ 
Input Current With 
ItML 
VIM= OV 
-1.0 
-1.0 
Input Voltage Low 


Note 10: 
lo(on) is leakage from driver into "ON" switch. 


Note 11: 
Electrical characteristics, 
such as ON Resistance, will change when power supplies other than ±15V, are used. 


Fault 
conditions 
occur 
when 
power 
supplies 
are 


turned 
off 
when 
input 
signals 
are still 
present 
or 


when over voltages occur at the inputs during normal 
operation. 
In either case, source-to-body 
diodes can 


be forward 
biased 
and conduct 
current 
from 
the 


signal source, If this current is required to be kept to 
low (IlA) levels then the addition 
of external protec- 


tion diodes is recommended. 


To provide 
protection 
for over-voltages 
up to 20V 


above the supplies, 
a 1N4001 or 1N914 type diode 


should 
be placed 
in series 
with 
the 
positive 
and 
negative supplies as shown in Fig. 1. The addition 
of 


these diodes will reduce the analog signal range to 1 
volt below the positive supply 
and 1 volt above the 


negative supply. 


.MAXI.M 


MAX332 
DG202 
DG212 


Quad SPST CMOS Analog Switches 


~ 


Chip Topography 
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0, 
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IN, 
0, 
e§ 


8, 
8, 
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~ 


0089" 
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5 
y. 
y- 
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8, 
8, 
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Quad SPDT CMOS Analog Switch 


_______ 
Genersl Description 


The 
MAX333 
is a quad 
single-pole-double-throw 


(SPDT) 
analog 
switch. 
These 
four 
independent 
switches can be operated with bipolar power supplies 
ranging 
from 
±5V 
to ±18V, or single-ended 
power 
supplies 
of +10V to +30V. 


The MAX333 has break-before-make 
switching, 
(200ns 


typical), 
a maximum 
turn-off 
time 
of 500ns, and a 
maximum 
turn-on 
time of 1000ns. 


The 
MAX333 
is ideal 
for 
portable 
operation 
since 
quiescent 
current 
is only 
250JlA maximum 
with 
all 


inputs high, and less with all inputs low. 


Logic inputs are fully TTL and CMOS compatible 
and 
guaranteed 
over a +0.8V to +2.4V range, regardless of 
supply 
voltage. 
Logic 
inputs 
and 
switched 
analog 
signals can range anywhere 
between the supply volt- 
ages 
without 
damage. 
The 
MAX333 
is a low-cost 
replacement 
for a DG211/DG212 pair when used as a 
quad SPDT switch. 


Winchester 
Disk Drives 


Test Equipment 


Communications 
Systems 


PBX, PABX 


Head up Displays 


Portable 
Instruments 


IN4 


N04 


COM1 
COM4 


NC4 


v- 
v+ 


N.C. 


NC3 


COM3 


N03 


• 
Low Cost Per Channel 


• 
Four Independent 
SPOT Switches 


• 
Break-Before-Make 
Switching 


• 
Guaranteed 
±5V to ±18V Operation 


• 
Guaranteed 
+10V 
to 
+30V 
Operation 
(Single 


Supply) 


• 
No Separate Logic Supply 
Required 


• 
CMOS and TTL Logic Compatible 


• 
Monolithic, 
Low Power CMOS 
Design 


PART 
TEMP. RANGE 
PACKAGE 


MAX333CPP 
DOC to +70°C 
20 pin Plastic Dip 


MAX333EPP 
-4DoC to +85°C 
20 pin Plastic Dip 


MAX333MJP 
-55°C 
to +125°C 
20 pin Ceramic 
Dip 


MAX333CWP 
O°C to +70°C 
20 pin Wide S.D. 


MAX333EWP 
-40°C 
to +85°C 
20 pin Wide S.D. 


INPUTS 
i---f\ . 
OUTPUTS 


v, 0----:-- 
11~ 
V,-V2 


I 
IT~ 
V2 
0 
I 
V .d 
~ 


OSC 
I 
~ 
---' 


--l 
I 
I 
-, 
I 


V3 o~ 
i_L._-_~~ 
V3-V• 


v,o~l vrl 


FLYING 
CAPACITOR 
LEVEL 
TRANSLATOR 
(2-CHANNEL) 


Quad SPDT CMOS Analog Switch 


ABSOLUTE 
MAXIMUM 
RATINGS 


v· 
to v· 
36V 


V,N' VCOM, vNO or vNC 
................•........ 
v- to v· 


1:.N?o-G~~~lnd'::::::::::::::::::::::::::::::::::::::~~~ 
v- to Ground 
-30V 


Current, 
Any 
Terminal 
Except 
VCOM' VNO' or VNC .. 
30mA 


Continuous 
Current, 
VCOM, VNO or VNC 
20mA 


Peak Current, 
VCOM, VNO or VNC 


(Pulsed 
at 1msec, 
10% duty 
cycle 
max) 
70mA 


Storage 
Temperature 
-65°C 
to +150°C 


Power 
Dissipation 
(Note 
1) 
20 Pin CERDIP 
(Note 
2) 
900mW 


20 Pin Plastic 
DIP 
(Note 
3) 
600mW 


20 Pin Small 
Outline 
(WE) 
(Note 
4) 
800mW 


Note 
1: Device mounted 
with all leads soldered 
to PC board. 


Note 2: Derate 
11.1mW/oC 
above 
70°C. 
Note 3: Derate 
8mW/oC 
above 
70°C. 


Note 4: Derate 
10mW/oC 
above 
70°C. 


Stresses above those listed under ''Absolute Maximum Ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional 
operation 
of the device 
at these or any other 
conditions 
above 
those indicated 
in the operational 
sections 
of the specifications 
is not 
implied. 
Exposure 
to absolute 
maximum 
ratings 
conditions 
for extended 
periods 
may affect 
device 
reliability. 


ELECTRICAL 
CHARACTERISTICS 


(GND 
= OV, v· 
= +15V, v- = -15V, TA = +25°C, 
unless 
otherwise 
indicated) 


LIMITS 


PARAMETER 
SYMBOL 
TEST 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


(Note 
5) 
(Note 
6) 


SUPPLY 


Positive 
Supply 
Current 
i· 
0.13 
0.25 
mA 


~Ply 
Voltage 
Range 
V·N- 
Dual Supply; 
Iv·1 = IV-I 
±5 
±18 
V 


Supply 
Voltage 
Range 
V· 
Single 
Supply; 
V- = GND 
+10 
+30 
V 


Negative 
Supply 
Current 
r 
0.01 
0.25 
mA 


LOGIC 
INPUT 


Input 
Voltage 
Low 
V1l 
V- 
+0.8 
V 


Input 
Voltage 
High 
V,H 
, 
2.4 
V· 
V 


Input 
Current 
I'N 
V1N= V-, V· 
-10 
0.0001 
+10 
pA 


SWITCH 


Analog 
Signal 
Range 
VANA 
V- 
V· 
V 


ON Circuit 
Resistance 
RON 
VANA = +10V; ICOM= 1mA 
140 
175 
0 
VANA = -10V; 
ICOM= 1mA 
125 
175 
0 


ON Circuit 
Leakage 
Current 
10Nl 
VANA = +14V; VOFF = -14V 
-5 
0.1 
+5 
nA 
VANA = -14V; 
VOFF = +14V 
-5 
0.2 
+5 
nA 


OFF Circuit 
Leakage 
Current 
10FF 
VANA = +14V; VOFF = -14V 
-5 
0.01 
+5 
nA 
VANA = -14V; 
VOFF = +14V 
-5 
0.02 
+5 
nA 


DYNAMIC 


Turn-off 
Time 
tOFF 
(See Switching 
Time 
Test Circuit) 
50 
500 
ns 


Turn-on 
Time 
tON 
460 
1000 
ns 


Break-belore-make 
Time 
tOPEN 
50 
200 
ns 


Off Capacitance 
COFF 
VANA = OV 
5 
pF 


On Capacitance 
CON 
VANA = OV 
5 
pF 


Off isolation 
OIRR 
1= 1MHz, 
RI = 750 
72 
dB 
VANA = 2.3V AMS 


Crosstalk 
CCRR 
78 
dB 


Note 5: 
The algebraic 
convention 
whereby 
the most negative 
value 
is a minimum, 
and the most positive 
is a maximum, 
is used 


in this data sheet. 


Note 6: 
Typical 
values 
are lor 
DESIGN 
AID 
ONLY, not guaranteed 
nor subject 
to production 
testing. 


Quad SPDT CMOS Analog Switch 


ELECTRICAL 
CHARACTERISTICS 


(GND 
= OV, v· = +15V, v- = -15V, TA = Full Operating 
Temperature 
Range, 
unless 
otherwise 
indicated) 


LIMITS 


PARAMETER 
SYMBOL 
TEST 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


(Note 
5) 
(Note 
6) 


LOGIC 
INPUT 


Input 
Voltage 
Low 
V,L 
V- 
+0.8 
V 


Input 
Voltage 
High 
V,H 
2.4 
V· 
V 


Input 
Current 
I'N 
V,N = V-, V· 
-10 
0.0001 
+10 
p.A 


SWITCH 


Analog 
Signal 
Range 
VANA 
V- 
V· 
V 


ON Circuit 
Resistance 
RON 
VANA = +10V; ICOM= lmA 
200 
250 
0 
VANA = -10V; 
ICOM= lmA 
180 
250 
0 


ON Circuit 
Leakage 
Current 
IONL 
VANA = +15V; VOFF= -15V 
200 
nA 
VANA = -15V; 
VOFF= +15V 
200 
nA 


OFF Circuit 
Leakage 
Current 
IOFF 
VANA = +15V; VOFF = -15V 
100 
nA 
VANA = -15V; 
VOFF= +15V 
100 
nA 


IR < 20". 


IF < 20"5 
NCl 
-laY 


NOl 
-laY 


Power 
Supply 
Voltage 
RON at Analog 
Signal 
Levels (0) 
Quiescent 
Supply 
Charge 
Injection 


-15V 
-10V 
-5V 
OV 
+5V 
+10V 
+15V 
Current 
(p.A) 
(pC) 


V 
= -15V, V· = +15V 
117 
109 
153 
130 
12 


V- = -10V, V· = +10V 
158 
156 
171 
80 
10 


V 
= -5V, V· = +5V 
297 
303 
288 
30 
8 


V 
= GND, 
V· = +15V 
200 
212 
115 


V 
= GND, 
V· = +10V 
300 
312 
303 
30 


Quad SPDT CMOS Analog Switch 


ELECTRICAL 
CHARACTERISTICS 
(Single Supply) 
(GND 
= OV, v+ = +12V, v- = OV, TA = 25°C, 
unless 
otherwise 
indicated) 


LIMITS 


PARAMETER 
SYMBOL 
TEST 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


(Note 
5) 
(Note 
6) 


SUPPLY 


Supply 
Voltage 
Range 
I 
V+ 
Single 
Supply; 
V- = GND 
+10 
+30 
V 


Positive 
Supply 
Current 
1+ 
0.11 
0.25 
mA 


INPUT 


Input 
Voltage 
Low 
V1NLO 
0 
+0.8 
V 


Input 
Voltage 
High 
V1NH1 
2.4 
V+ 
V 


Input 
Current 
IIN 
V1N= V+, OV 
1 
pA 


SWITCH 


Analog 
Signal 
Range 
VANA 
V- 
V+ 
V 


ON Circuit 
Resistance 
RON 
VANA = +10V; ICOM= 1mA 
250 
350 
0 
VANA = OV; ICOM= 1mA 
240 
350 
0 


ON Circuit 
Leakage 
Current 
10NL 
VANA = V+; VOFF= OV 
0.05 
nA 
VANA = OV; VOFF= V+ 
0.05 
nA 


OFF Circuit 
Leakage 
Current 
10FF 
VANA = V+ 
0.01 
nA 
VANA = OV 
0.01 
nA 


DYNAMIC 


Turn-off 
Time 
tOFF 
(See Switching 
Time 
Test Circuit) 
65 
ns 


Turn-on 
Time 
tON 
700 
ns 


Break-before-make 
Time 
tOPEN 
200 
ns 


Off 
Isolation 
OIRR 
f = 1MHz, 
RI = 750 
70 
dB 
VANA = 2.3V RMS 


Crosstalk 
CCRR 
72 
dB 


Note 5: 
The algebraic 
convention 
whereby 
the most negative 
value is a minimum, 
and the most positive 
is a maximum, 
is used 
in this data sheet. 


Nole 6: 
Typical 
values 
are for DESIGN 
AID 
ONLY, not guaranteed 
nor subject 
to production 
testing. 


Protecting 
Against 
________ 
Fault Conditions 
Chip Topography 


Fault conditions occur when power supplies are turned 
off when input signals are still present or when over 
voltages occur at the inputs during 
normal operation. 


In either case, source-to-body 
diodes can be forward 
biased and conduct 
current from the signal source. If 
this current 
is required 
to be kept to low (PA) levels 


then 
the 
addition 
of external 
protection 
diodes 
is 


recommended. 


To provide 
protection 
for 
over-voltages 
up to 20V 
above 
the 
supplies, 
1N4001 or 
1N914 type 
diodes 
should 
be placed 
in series 
with 
the 
positive 
and 
negative supplies. 
The addition 
of these diodes will 
reduce the analog 
signal 
range to 1 volt below the 
positive supply and 1 volt above the negative supply. 


TRODUCTORY 


High Speed Quad SPST Analog Switch 


_______ 
General Description 


The 
MAX334 
is 
a 
quad 
single-pole-sing 
Ie-throw, 
normally 
closed 
(SPST, NC) analog 
switch, 
pin com- 


patible 
with the Harris HI-20l HS and Siliconix 
DG27l. 
The 
MAX334 
has 
guaranteed 
break-before-make 


switching 
(tOFF< tON), while 
featuring 
fast switching 


speeds. 
Turn-on 
time 
is less than 
lOOns and turn-off 


time 
is less than 
SOns; channel 
on resistance 
is 50 
ohms maximum. 
CMOS inputs 
provide 
reduced 
input 


loading 
and very low leakage 
currents. 


The 
MAX334 
is also 
a direct 
replacement 
for 
the 
DG201 and DG2ll, 
featuring 
V. the on resistance 
and 


five times the speed. 


The MAX334 
may be used with split supplies 
(±5V to 


±15V) 
or single 
positive 
supplies 
(+5V to +30V) while 
retaining 
CMOS 
and 
TTL 
logic 
compatible 
inputs, 


and maintaining 
high switching 
speed. 


__________ 
Applications 


Sample 
and Hold Circuits 


Winchester 
Disk Drives 


Test Equipment 


Communications 
Systems 


PBX, PABX 


Guidance 
and Control 
Systems 


Heads-up 
Displays 


Military 
Radios 


_____ 
Typical Operating Circuit 


• 
Rds(ON)50n 
(max.) 
• 
Guaranteed 
Break-Before-Make 
Switching 


• 
Single 
or Bipolar 
Supply 
Operation 


• 
CMOS 
and TTL 
Logic 
Compatible 


• 
Faster, 
Lower 
RON Replacement 
for 
DG201 
and 


DG211 


PART 
TEMP. RANGE 
PACKAGE 


MAX334CPE 
O°C to +70°C 
16 Lead Plastic 
01P 


MAX334CWE 
O°C to +70°C 
16 Lead Wide SO 


MAX334C/D 
O°C to +70°C 
Dice 


MAX334CJE 
O°C to +70°C 
16 Lead CERDIP 


MAX334EPE 
-40°C to +85°C 
16 Lead Plastic 
DIP 


MAX334EJE 
-40°C to +85°C 
16 Lead CERDIP 


MAX334EWE 
-40°C to +85°C 
16 Lead Wide SO 


MAX334MJE 
-55°C to +125°C 
16 Lead CERDIP 


LOGIC 
SWITCH 


0 
ON 
1 
OFF 


~AXIA1 
Maxim Integrated Products 
12·21 


_AXI_ 
is a registered 
trademark 
of Maxim 
Integrated 
PrOducts. 


High Speed Quad SPST Analog Switch 


ABSOLUTE 
MAXIMUM 
RATINGS 


Supply 
Voltage 
(Between 
Pins 4 and 
13) 
36V 


Digital 
Input 
Voltage 
(Pins 
1, 8, 9, 16) 
+VSUPPlY+4V 
-VSUPPlY-4V 


Analog 
Input 
Voltage 
(S to D) 
+VsUPPlY+2.0V 
Pins 2, 3, 6, 7, 10, 11, 14, 15 
-VSUPPlY-2.0V 


Peak 
Current, 
S or 0 
80mA 
Total 
Power 
Dissipation 
(Note 
1) 
750mW 


Maximum 
Junction 
Temperature 
175°C 


Operating 
Temperature 
MAX334M 
...............•........... 
-55°C 
to +125°C 


MAX334E 
-40° C to +85° C 


MAX334C 
0° C to +70° C 


Storage 
Temperature 
...............•.. 
-65°C 
to +150°C 


Stresses listed under ''Absolute Maximum Ratings" may be applied (one at a lime; to devices without resulting in permanent damage. These are 
stress ratings only, and tunctional operation of the device at these or any other conditions above those indicated in the operational sections at the 
specifications is not implied. Exposure to Absolute Maximum Ratings conditions for extended periods may affect device reliability. 


ELECTRICAL 
CHARACTERISTICS 


(v+ = +15V, v- = -15V, VAH (Logic 
Level 
High) 
= 3.0V, VAL (Logic 
Level 
Low) 
= +0.8V, GND 
= OV, unless 
otherwise 
specified.) 


MAX334M/E 
MAX334C 
PARAMETER 
TEMPERATURE 
MIN 
TYP 
MAX 
UNITS 
MAX 
MIN 
TYP 


ANALOG 
SWITCH 
CHARACTERISTICS 


Vs, Analog 
Signal 
Range 
Full 
-15 
+15 
-15 
+15 
V 


+25°C 
30 
50 
30 
50 
RON,On Resistance 
(Note 2) 
0 
Full 
75 
75 


RONMatch 
+25°C 
3 
3 
% 


IslOFFI,Off 
Vs=14V, Vo=-14V 
+25°C 
-1 
.3 
1 
-1 
.3 
1 


Input 
Leakage 
nA 


Current 
Vs=-14V, 
Vo= 14V 
Full 
-100 
100 
-50 
50 


1010FFI,Off 
Vo=14V,Vs=-14V 
+25°C 
-1 
.3 
1 
-1 
.3 
1 
Output 
Leakage 
nA 


Current 
Vo=-14V, 
Vs= 14V 
Full 
-100 
100 
-50 
50 


IOION), 
Vo=Vs = 14V 
+25°C 
-1 
.1 
1 
-1 
.1 
1 
On Leakage 
nA 


Current 
Vo=Vs=-14V 
Full 
-100 
100 
-50 
50 


DIGITAL 
INPUT 
CHARACTERISTICS 


+25°C 
VAL Input 
Low 
V 


Full 
0.8 
0.8 


+25°C 
VAH Input 
High 
V 


Full 
3.0 
3.0 


+25°C 
-1.0 
0.1 
1.0 
-1.0 
0.1 
1.0 


IAl, Input 
Leakage 
Current 
(Low) 


Full 
-10 
10 
-10 
10 
IJA 


+25°C 
-1.0 
0.1 
1.0 
-1.0 
0.1 
1.0 
IAH, Input 
Leakage 
Current 
(High) 
Full 
-10 
10 
-10 
10 
IJA 


Note 
1: 
Derate 
8mW/oC 
above 
TA = 75°C, 
OJA = 100°CIW, 
OJC= 60°CIW 


Note 2: 
VOUT = ±10V, lOUT = 1mA 


Note 3: 
RL = 1kO, CL = 35pF, VIN = +10V, VA = +3V (See Switching 
Waveforms.) 
Note 4: 
VA = 3V, RL = 1kO, CL = 10pF, VIN = 3Vrms, 
f = 100kHz 


Note 5: 
VA = 3V, RL = 1kO, f = 100kHz, 
VIN = 3Vrms 
Note 6: 
CL = 1000pF, V,N = OV, RIN = 00, 
AQ 
- CL x AVo 


Note 7: 
VA = 3V or VA = 0 for all switches 


Note 8: 
t88M is fastest 
turn-on 
time 
(of the four 
switches) 
minus 
the slowest 
turn-off 
time. 


High Speed Quad SPST Analog Switch 


ELECTRICAL 
CHARACTERISTICS 
(Continued) 
=- 


(V· = +15V, v- = -15V, VAH (Logic 
Level 
High) 
= 3.0V, VAL (Logic 
Level 
Low) = +0.8V, GND = OV. unless 
otherwise 
specified.) 
I: 


~ 
CA).c. 


MAX334M/E 
MAX334C 


PARAMETER 
TEMPERATURE 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
UNITS 


SWITCHING 
CHARACTERISTICS 


tON. Switch 
ON Time 
(Note 
4) 
+25°C 
70 
100 
70 
120 
ns 


tON. Switch 
ON Time 
(Note 
3) 
Full 
100 
125 
ns 


tom. 
Switch 
OFF Time 
(Note 
4) 
+25°C 
40 
50 
40 
75 
ns 


tom. 
Switch 
OFF Time 
(Note 
3) 
Full 
50 
75 
ns 


tOFF2.Switch 
OFF Time 
(Note 
4) 
+25°C 
150 
150 
ns 


Output 
Settling 
Time 0.1% 
+25°C 
180 
180 
ns 


tBBM. Break-Before-Make 
(Note 
8) 
+25°C 
10 
30 
30 
ns 


"Off 
Isolation" 
(Note 5) 
+25°C 
72 
72 
dB 


Crosstalk 
(Note 
6) 
+25°C 
86 
86 
dB 


Charge 
Injection 
(Note 7) 
+25°C 
10 
10 
pC 


CsIOFF). Input 
Switch 
Capacitance 
+25°C 
10 
10 
pF 


Output 
COIOFF) 
+25°C 
10 
10 
Switch 
pF 


Capacitance 
COlON) 
+25°C 
30 
30 


CA. Digital 
Input 
Capacitance 
+25°C 
18 
18 
pF 


COsIOFF). Drain-to-Source 
+25°C 
.5 
.5 
pF 
Capacitance 


POWER 
REQUIREMENTS 
(Note 
8) 


+25°C 
120 
120 
PD. Power 
Dissipation 
mW 


Full 


I", Current 
(Pin 13) 
+25°C 
4.5 
4.5 


mA 


Full 
10.0 
10.0 


+25°C 
3.5 
3.5 
r, Current 
(Pin 4) 
mA 


Full 
6 
6 


~pical 
Single 
Supply 
Charge 
Injection 
(el = 1000pF) 
or 
Ros(oN) 
TON 
TOFF 
TTL 
Iv" with 
TTLIN = 3Y 
(Ohms) 
(ns) 
Compatible? 
on all switches 


+5" 
200 
360 
25 
Yes 
6.0/lA 


+10 
85 
150 
30 
Yes 
1.5mA 


+12 
75 
140 
25 
Yes 
2.0mA 


+15 
65 
100 
25 
Yes 
4.5mA 


+20 
55 
70 
25 
Yes 
7.0mA 


+25 
50 
50 
30 
VAH = 4V 
10.0mA 


+30 
45 
45 
40 
VAH = 4V 
14.0mA 


Y" SUPPLY 
YOLTAGE 
YANAlOG 
+5Y 
+10Y 
+15Y 
+20Y 
+30Y 


OV 
7pC 
10pC 
10pC 
6pC 
12pC 


V" 
4pC 
6pC 
6pC 
6pC 
14pC 


High Speed Quad SPST Analog Switch 


CH.1 
DIGITAL 
INPUT 
- .- - 


I 


I 
I \ 
- - 
...... ..-. 
CH.2 
SWITCH 
OUTPUT 


CH. 1 
= SOO.OmVOLTS/DIV 
-_ 
CH. 2 
= 2,000 VOLTS/DIV 
TIMEBASE 
= 100ns/DIV 


SWITCH 
OUTPUT 


Vo 


CL 
r 


36PF 


RL 


Vo 
= V,N RL + RON 


CL INCLUDES 
CFIXTURE + CPROBE 


S, 
S2 


V- 
V+ 


GND 
0.123" 


(3.12mm) 


S. 
S3 


~~I~JXI~~I 
High Voltage 
CMOS/DMOS Analog Switches 


INTRODUCTORY 


General Description 


The 
MAX341/43/45/48 
are 
CMOS/DMOS 
analog 


switches 
intended 
for 
high 
voltage 
use as well as 
high 
reliability 
general 
purpose 
applications. 
The 
operating 
supply 
range is ±20V to ±50V or +20V to 
+60V when 
using 
a single 
power 
supply. 
Signal 
handling 
capability 
extends from the negative to the 
positive supply voltage, I.e. over a 100V peak-to-peak 
range with ±50V power supplies. 


The switch control 
inputs can be driven with CMOS 
or other 
high 
level logic 
signals. 
All switches 
are 
normally 
closed, 
I.e. an 
input 
"0" 
level turns 
the 
switch ON. The MAX341 and MAX348 are dual SPST 
switches, 
the MAX343 
is a dual SPDT switch, 
and 
the 
MAX345's 
configuration 
is 
dual 
DPST. The 
MAX348 is a reduced 
RON version of the MAX341. 


Positive 
supply 
current 
for all devices 
is less than 
300,uA and negative supply current is less than 100,uA 
with 
±50V 
power 
supplies. 
When 
using 
a single 
power 
supply 
and 
logic 
input 
levels equal 
to the 
supply 
value, 
the 
power 
supply 
currents 
are less 


than 20,uA. 


--- 
Applications 


Medical Ultrasound 
Equipment 


Automatic 
Test Equipment 


Diagnostic 
Systems 


48 Volt Telecom Systems 


Stepper and DC Motor Drivers 


_____________ 
Features 


• 
±20V to ±50V and Single Supply 
Operation 


• 
RON Less than 550 (MAX348) 


• 
-70dB 
~plcal 
OFF Isolation 
at 1MHz 


• 
Input Voltage Range Includes 
Power Supplies 


• 
100V peak-ta-peak 
Signal 
Handling 
Capability 


• 
Guaranteed 
Break-Before-Make 
Operation 


• 
Completely 
Latchup-Proof 
Construction 
_______ 
Ordering Information 


PART 
TEMP. RANGE 
PACKAGE 


MAX341C/D 
O°C to +70°C 
Dice 


MAX341CPE 
O°C to +70°C 
16 Lead Plastic DIP 


MAX341CWE 
O°C to +70°C 
16 Lead Small Outline 


MAX341CPE 
-40°C to +85°C 
16 Lead Plastic DIP 


MAX341CWE 
-40°C to +85°C 
16 Lead Small Outline 


MAX341CJE 
-40°C to +85°C 
16 Lead CERDIP 


MAX341MJE 
-55°C to +125°C 
16 Lead CERDIP 


MAX343C/D 
O°C to +70°C 
Dice 


MAX343CPE 
O°C to +70°C 
16 Lead Plastic DIP 


MAX343CWE 
O°C to +70°C 
16 Lead Small Outline 


MAX343CPE 
-40°C to +85°C 
16 Lead Plastic DIP 


MAX343CWE 
_40° C to +85°C 
16 Lead Small Outline 


MAX343CJE 
-40°C to +85°C 
16 Lead CERDIP 


MAX343MJE 
-55°C to +125°C 
16 Lead CERDIP 


Top Views 
N1AXI.I"'1 
MAX341 
N1AXI 
.•••..,1 
.NIA 
X 1.•••..,1 
MAX348 
MAX343 
MAX345 


SI 
1 
S, 
1 
16 
0, 
S, 
NC 
z 
NC 
A, 
NC 


NC 
S3 
v- 
S3 
NC 
03 
GNO 
03 
NC 
S4 
5 
,Z 
NC 
S4 


NC 
04 
v+ 
04 
NC 
NC 
Az 
NC 


Sz 
Sz 
Oz 
Sz 
6 


Dual SPST 
Dual SPOT 
Dual DPST 


Switch States are for Logic "1" Input. 


"""''''''I'''''''JXI''''''''''''I 
_ 


NlAXINI 
is a registered 
trademark 
of Maxim Integrated 
Products. 


High Voltage 
CMOS/DMOS Analog Switches 


ABSOLUTE 
MAXIMUM 
RATINGS 


V+ to v- Voltage 
+120V 


v+ to GND Voltage. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 
+65V 
Digital 
Input Voltage 
V- to V+ 


Input Current 


Sand 
D ................................•..•..... 
+200mA 


All pins except Sand 
D 
±30mA 


Lead Temperature 
(Soldering 
10 see) 
+300°C 


Storage Temperature 
-65°C to +150°C 


Operating 
Temperature 
Range 
MAX34XC 
O°C to +70°C 


MAX34XE 
...........................•..... 
-40°C to +85°C 


MAX34XM 
-55°C to +125°C 
Power Dissipation 
(16 pin packages) 
CERDIP (derate 10mW/oC 
above +75°C) 
750mW 


Plastic DIP (derate 7.35mW/oC 
above +75°C) 
550mW 


Small Outline 
(derate 9mW/oC 
above +75°C) 
680mW 


Stresses listed under "Absolute Maximum 
Ratings" may be applied 
(one at a time) to devices without resulting in permanent 
damage. 
These afe stress 
ratings 
only, and functional 
operation 
at these or any other 
conditions 
above 
those indicated 
in the operations 
section 
of the specifications 
;s not 
implied. Exposure to absolute maximum 
fatings for extended periods may affect device reliability. 


ELECTRICAL 
CHARACTERISTICS 


(Over Temperature, V+ ; +50V, V- ; -50V, GND ; OV unless otherwise indicated) 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN. 
TYP. 
MAX. 
UNITS 


Analog Signal Range 
Vs, Vo 
V+ 
V- 
V 


Channel ON Resistance 
Vs = ±50V, Is = 10mA 
MAX341143/45 
TA = +25°C 
80 
110 
MAX341143/45 
RON 
Over Temp. 
160 
0 


MAX348 
TA = +25°C 
35 
55 
MAX348 
Over Temp 
80 


ON Resistance Match 
aRON 
Vs = ±50V, Is = 10mA 
7 
% 


OFF Leakage Current 
10(OFF), 
Vs = ±50V, Vo=+50V 
TA = +25°C 
10 
50 
nA 
(Figure 7) 
'SCOFF) 
Over Temp. 
1000 
5000 


ON Output Leakage 
1010N), 
Vs = Vo = ±50V 
TA = +25°C 
10 
60 
nA 
Current (Figure 8) 
ISION) 
Over Temp. 
1000 
5000 


Input Low Threshold 
VAL 
3.5 
V 


Input High Threshold 
VAH 
12 
V 


Input Current (Logic) 
IA 
VA = OV to +15V 
0.1 
10 
I"A 
Turn-On 
Time 
tON 
TA = +25°C 
0.5 
1.0 


(Figure 9) 
Over Temp. 
1.5 
I"S 


Turn-Off Time 
tOFF 
TA = 25°C 
0.4 
0.75 
(Figure 9) 
Over Temp. 
1.0 
I"S 


OFF Isolation (Figure 4) 
ISOOFF 
TA = +25°C, 1MHz, RL = 750 
-70 
dB 


Channel-Channel 
ISOx 
TA = +25°C, 1MHz, RL = 750 
-75 
dB 
Crosstalk (Figure 5) 


Channel Input Capacitance 
OFF State, C to Gnd 
CS(OFF) 
TA = +25°C, Vs = OV 
17 
pF 
OFF State, C to Out 
CSOIOFF) 
1 
ON State. C to Gnd 
CSION) 
38 


Charge Injection 
Vs = +50V 
100 


(Figure 6) 
Q 
Vs = OV 
240 
pC 
Vs = -50V 
480 


Supply Current 
1+ 
TA = +25°C 
300 
I"A 
V+ Current 
Over Temp. 
200 
600 


Supply Current 
I- 
TA = +25°C 
40 
100 
I"A 
V- Current 
Over Temp. 
55 
200 


Supply Voltage Range 
Split Supplies 
GND =OV 
±20 
±50 
V 
Single Supply 
V- = GND =OV 
+20 
+60 


High Voltage 
CMOS/DMOS Analog Switches 


Detailed Description 


Analog Signal Range 


The MAX341 family's 
analog 
signal 
range is equal to 
the power 
supply 
value, up to ±50V with split power 
supplies 
and 
+60V with 
a single 
power 
supply 
(V- 
connected 
to GND). 
An ON switch 
is also capable 
of 
passing 
up to 0.5A on a peak current 
basis. Maximum 
continuous 
current 
is limited 
only 
by the 
package 
power dissipation 
(see Absolute 
Maximum 
Ratings) 


ON Re.l.tance 


The ON resistance 
of the MAX341 series switches 
is 
typically 
40ft 
RON does, 
however 
increase 
as the 
switch 
voltage 
(Vs) approaches 
V+. For example, 
with 
±50V supplies 
and a +50V analog 
signal, 
RON will be 
typically 
less than 
100n 
(50n 
for the MAX348), 
and 
45n (25n for the MAX348) for -50V signals. With ±50V 
power 
supplies, 
and 
±40V 
switch 
voltages, 
RON is 
about 
40n 
for the +40V case and 30n 
for the -40V 
case. 
ON 
resistance 
can 
be 
reduced 
and 
current 
handling 
capacity 
can 
be increased 
by connecting 
switches 
in parallel. This is especially 
useful in power 
switching 
applications. 
Table 1 and the graph 
in the 
Typical 
Characteristics 
section 
further 
describe 
the 


relation 
between 
RON and V+. 


y+/y- 
RON AT Ys = y+ 
RON AT Ys = Y- 


+20V/-20V 
127n 
39n 
+30V/-30V 
10sn 
3sn 
+40V/-40V 
92n 
32n 
+SOV/-SOV 
64n 
30n 
+40V/GND 
127n 
39n 
+60VlGND 
10sn 
3sn 


Power Supply Current 


The maximum 
supply 
current 
for V+ and V- at 25'C 
is 300/lA and 100J.!A respectively. 
However, the positive 
supply 
current 
(1+) is partly 
dependent 
on the input 
logic 
level and can be reduced 
if control 
signals 
of a 
larger 
amplitude 
than 
OV and 
+15V are used. 
If the 
control 
inputs swing to within 
4V of V+ and V- then 1+ 
drops to a typical 
value of 20/lA. 


Control Input. 


15V logic level inputs are required 
to turn switches 
on 
or off, but the control 
inputs 
can also accept 
levels 
up to V+ and V-. A input 
greater 
than 12V constitutes 
a "1" state (switch 
OFF), and an input 
less than 3.5V 
will constitute 
a "0" state (switch 
ON). 


Standard 
TTL logic can be used with 
MAX341 series 


switches 
if a level shifter 
such 
as the 
MC14504 
is 


used to drive the control 
inputs as shown 
in in figure 1. 


Open collector 
drivers, with external 
pUll-up 
resistors, 


can be used in a similar fashion 
as well. 


___________ 
Applications 


Flying Capacitor 
Input 


A "flying 
capacitor" 
differential 
to single-ended 
con- 
verter 
takes 
advantage 
of the 
MAX343's 
wide 
input 
voltage 
range, 
which 
allows 
large 
common 
mode 


inputs 
to be rejected. 
As shown 
in Figure 
2, a capa- 
citor 
is alternately 
charged 
by the differential 
input 
signal and then is connected 
to an op-amp 
or A-to-D 
input. 
An 
instrumentation 
amplifier 
is not 
required 
since the output 
signal 
can be referenced 
to ground. 


Sample-hold 
operation 
is also built 
in to the design 
and the 
MAX343's 
break-before-make 
operation 
en- 
sures that the output 
sees only the differential 
portion 
of the 
input 
signal. 
A similar 
approach 
can also be 
used 
for 
single-ended 
to differential 
signal 
conver- 
sion as well. 


Paralle/Swltche. 


In designs 
where 
power 
switching 
ability 
is needed, 


any of the MAX341 series switches 
can be connected 
in parallel to increase current 
handling 
capability 
and 
reduce 
ON 
resistance. 
Applications 
such 
as ultra- 


sonics, 
RF power, 
and 
DC 
motor 
drive 
are 
areas 
where this is often 
important. 
A MAX348 
is shown 
in 
a parallel 
configuration 
in figure 
3. The 
resulting 
SPST switch 
has a typical 
RON of 12n (5n for signals 
more 
than 
10V below 
V+) 
and 
can 
handle 
pulsed 
loads of up to 0.5 Amps. 
With ±50V 
power 
supplies, 


the peak-to-peak 
signal range is still 100V and 10MHz 
signals 
can 
be switched 
while 
maintaining 
typically 
-50dS 
of isolation. 


High Voltage 
CMOS/DMOS Analog Switches 


,---, 
+15V 
+-l 
Lov 
SAMPlE/IIOlO 


1SOOFF = 20 Log 
VOUT 
V'N 


11 
+5OV 


10 
11 
+5OV 


10 


CROSSTALK 
= 20 Log 
VOUT 
V'N 


High Voltage 
CMOS/DMOS Analog Switches 


ON 
RESISTANCE 
vo. 
ON 
RESISTANCE 
vo. 
SWITCHING 
TIME vo. 


SWITCH 
INPUT 
VOLTAGE 
TEMPERATURE 
TEMPERATURE 


140 
140 
800 


120 
120 
700 


~ 
100 
£ 100 
800 


" 
80 
" 
80 
500 
z 
z 
.=. 
~ 
~ 
~ 
~ 
60 
~ 
60 
s 
400 
z 
z 
~ 
= 
40 
40 
300 


20 
20 
200 


100 


-60 
-40 
-20 
0 
+20 
+40 
+60 
-50 
-25 
0 
25 
50 
75 
100 
125 
-50 
-25 
0 
25 
50 
75 
100 
125 


SWITCH INPUT VOLTAGE. Vs (VI 
TEMPERATURE (OCI 
TEMPERATURE lOCI 


OFF 
ISOLATION 
AND 
OFF 
LEAKAGE 
vo. 
ON LEAKAGE 
vo. 


CROSSTALK 
vo. FREQUENCY 
SWITCH 
VOLTAGE 
SWITCH 
VOLTAGE 


100 
+30 
+30 


90 
V· 
= +5OY.V- 
=-5OV 
v+ =+5OV 
T. = +25"&. Rl = 75fI 
V- 
=-fiOV 


80 
+20 
+20 
c 
c 


70 


"- 
"- 
y 
~ 
+10 
~ 
+10 
60 
.=. 


z 
~ 
~ 
z 
z 
§ 
50 
= 
= 
!1l 
= 
" 
40 
"= 
-10 
~ 
-10 
30 
c~ 


20 
; 
~ 
-20 
-20 
10 


-30 
-30 


10' 
10' 
J07 
10' 
-60 
-40 
-20 
0 
+20 
+40 
+60 
-60 
-40 
-20 
0 
+20 
+40 
+60 


FREQUENCY IHzl 
Vs = Vo VOLTAGE (VI 
Vs VOLTAGE(VI. VO= -Vs 


Test Circuits 


11 
+SOV 


10 
11 
+SOV 


10 


High Voltage 
CMOS/DMOS Analog Switches 


+15V 


Vl'~ 
I 
I 
I 


----: 
to. - 
- 
f+-IofF 
I 
I 
I 
I 


~ 


+4fI!lll\\ 
I 
Vault: 
I 
I 
10% 


I 
I 
OV 
--l :..-toFF 
--: 
to. 


1+48V 
I 
90% 


PART 
TEMP. RANGE 
PACKAGE 


MAX345C/D 
O°C to +70°C 
Dice 


MAX345CPE 
O°C to +70°C 
16 Lead Plastic DIP 


MAX345CWE 
O°C to +70°C 
16 Lead Small Outline 


MAX345CPE 
-40°C to +85°C 
16 Lead Plastic DIP 


MAX345CWE 
-40°C to +85°C 
16 Lead Small Outline 


MAX345CJE 
-40°C to +85°C 
16 Lead CERDIP 


MAX345MJE 
-55°C to +125°C 
16 Lead CERDIP 


MAX348C/D 
O°C to +70°C 
Dice 


MAX348CPE 
O°C to +70°C 
16 Lead Plastic DIP 


MAX348CWE 
O°C to +70°C 
16 Lead Small Outline 


MAX348CPE 
-40° C to +85° C 
16 Lead Plastic DIP 


MAX348CWE 
-40° C to +85° C 
16 Lead Small Outline 


MAX348CJE 
-40°C to +85°C 
16 Lead CERDIP 


MAX348MJE 
-55°C to +125°C 
16 Lead CERDIP 


Maxim cannot assume responsibility lor use 01 any circuitry other than circuitry entirely embodied in a Maxim product. No circuit patent 
licenses are implied. Maxim reserves the right to change the circuitry and specifications without notice at any time. 


_______ 
General Description 


The DG200A 
is a dual, 
normally 
closed, 
single-pole- 
single-throw 
(SPST) analog switch. This CMOS switch 
can 
be operated 
with 
power 
supplies 
ranging 
from 
±4.5V 
to ±18V. The DG200A 
has guaranteed 
break- 
before-make 
switching. 
Its maximum 
turn-off 
time 
is 
500ns, and its maximum 
turn-on 
time is 100ns. 


Maxim 
guarantees 
that the DG200A 
will not latch-up 
if the power 
supplies 
are turned 
off with input signals 
still connected 
as long as absolute 
maximum 
ratings 
are not violated. 


Compared 
to 
the 
original 
manufacturer's 
product, 


Maxim's 
DG200A consumes 
significantly 
lower power, 
making 
it better 
suited for portable 
applications. 


Winchester 
Disk Drives 


Test Equipment 


Communications 
Systems 


PBX, PABX 


Guidance 
and Control 
Systems 


Head up Displays 


Military 
Radios 


~~I~JXI~~I 
Dual Monolithic SPST CMOS 
Analog Switch 
____________ 
Features 


• 
Improved 
2nd Sourcel 
Power 
Supply 
Current 
<300pA 


• 
Wide Supply 
Range ±4.5V 
to ±18V 


• 
Single 
Supply 
Operation 


• 
Non-LatChing 
with 
Supplies 
1\Irned-off 
and 
Input 
Signals 
Present 


• 
CMOS 
and TTL 
Logic 
Compatible 


• 
Monolithic, 
Low Power 
CMOS 
Design 
______ 
Ordering Information 


PART 
TEMP. RANGE 
PACKAGE 


DG200AAK 
-55°C to +125°C 
14 Lead CERDIP 


DG200ABK 
-25°C to +85°C 
14 Lead CERDIP 


DG200ACK 
O°C to +70°C 
14 Lead CERDIP 


DG200ACJ 
O°C to +70°C 
14 Lead Plastic 
DIP 


DG200ACY 
O°C to +70°C 
14 Lead Small Outline 


DG200AC/D 
O°C to +70°C 
Dice 


DG200AAA 
-55°C to +125°C 
10 Pin Metal Can 


DG200ABA 
-25°C to +85°C 
10 Pin Metal Can 


DG200ACA 
O°C to +70°C 
10 Pin Metal Can 


Dual Monolithic SPST CMOS 
Analog Switch 


ABSOLUTE MAXIMUM RATINGS 


Voltages 
Referenced 
to v- 
V' 
44V 
GND 
25V 
Digital 
Inputs 
Vs, Vo (Note 1) 
-2V to (V' + 2V) or 
20mA, 
whichever 
occurs 
first. 


Current, 
Any Terminal 
Except 
S or D 
30mA 
Continuous 
Current, 
S or D 
20m A 


(Pulsed 
at 1msec, 
10% duty 
cycle 
max) 
100mA 


Storage 
Temperature 
(A & B Suffix) 
-65 to 150°C 
(C Suffix) 
-65 to 125°C 


Operating 
Temperature 
(A Suffix) 
-55 to 125°C 
(B Suffix) 
-25 to 85°C 
(C Suffix) 
...•........ 
-25 to 85°C 
Power 
Dissipation 
(Package)" 
Metal 
Can" 
.....................•.............. 
450mW 


14 Pin Ceramic 
DIP'" 
825mW 


14 Pin Plastic 
Dip ••••............................ 
470mW 
'All 
leads soldered 
or welded 
to PC board. 


"Derate 
6mW/oC 
above 75°C. 


'''Derate 
11mW/oC above 
75°C. 


•••• Derate 
6.5mWfOC above 
25°C. 


Stresses listed under ''Absolute Maximum Ratings" may be applied (one at a time) to devices without resulting in permanent damage. These are 
stress ratings only, and functional operation of the device at these or any other conditions above those indicated in the operationaf sections of the 
specifications is not implied. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. 


LIMITS 


PARAMETER 
SYMBOL 
TEST CONDITIONS 
DG200A 
DG200B/C/D 
UNITS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


(Note 
2) (Note 
3) 
(Note 
2) (Note 
3) 


SWITCH 


Analog 
Signal 
Range 
VANALOG 
-15 
15 
-15 
15 
V 
(Note 
1) 


Drain-Source 
Vo = ±10V, Vin = 0.8V, 
45 
70 
45 
80 
0 
ON Resistance 
rOS(on) 
Is= 1mA 


Source 
OFF 
Vs = 14V, Vo = -14V 
0.01 
2.0 
0.01 
5.0 


Leakage 
Current 
IS(Off) 


Vs = -14V, Vo = 14V 
-2.0 
-0.02 
-5.0 
-0.02 
Vin = 2.4V 
Drain OFF 
Vs = -14V, Vo = 14V 
0.01 
2.0 
0.01 
5.0 


Leakage 
Current 
10(Off) 
nA 
Vs = 14V, Vo = -14V 
-2.0 
-0.02 
-5.0 
-0.02 


Drain ON Leakage 
Vs = Vo = 14V 
0.1 
2.0 
0.1 
5.0 


Current 
(Note 4) 
10(on) 
Vin = 0.8V 
Vs=Vo=-14V 
-2.0 
-0.1 
-5.0 
-0.1 


INPUT 


Input 
Current 
with 
Input 
-1.0 
0.0009 
-1.0 
0.0009 


Voltage 
High 
INH 
Vin = 2.4V, Vin = 15V 
0.005 
1.0 
0.005 
1.0 


Input 
Current 
with 
Input 
IlA 


Voltage 
Low 
IINL 
Vin = OV 
-1.0 
-0.0015 
-1.0 
-0.0015 


DYNAMIC 


Turn-ON 
Time 
ton 
See Switching 
Time Test Circuit 
440 
1000 
440 
1000 


Turn-OFF 
Time 
toff 
(Figure 
1) 
ns 
70 
500 
70 
500 


Charge 
Injection 
a 
CL = 1OOOpF,VGEN= OV, 
-10 
-10 
pC 
RGEN= 00 (Figure 
2) 


Source 
OFF Capacitance 
CS(Off) 
f = 140kHz 
Vs = OV 
9.0 
9.0 


Drain OFF Capacitance 
CO(Off) 
Vin = 5V 
Vo = OV 
9.0 
9.0 
or 
pF 


Channel 
ON Capacitance 
Co (on)+ 
Vs = OV 
Vo = Vs = OV 
25 
25 
CS(on) 


OFF Isolation 
Figure 3 
75 
75 
(Note 5) 
Vin = 5V, ZL = 750 


Crosstalk 
Figure 4 
Vs = 2.0V, f = 1MHz 
dB 


(Channel 
to Channel) 
90 
90 


Dual Monolithic SPST CMOS 


Analog Switch 


ELECTRICAL 
CHARACTERISTICS 
(continued) 


(V· = +15V, v- = -15V, GND = OV,TA = 25°C, 
unless otherwise 
indicated.) 


LIMITS 


PARAMETER 
SYMBOL 
TEST CONDITIONS 
DG200A 
DG200B/C/D 
UNITS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


(Note 
2) (Note 
3) 
(Note 
2) (Note 
3) 


SUPPLY 


Positive 
Supply 
Current 
1+ 
Both Channels 
ON or OFF 
180 
300 
200 
500 


Negative 
Supply 
Current 
1- 
Vin = 0 and 2.4V 
-10 
-0.1 
-100 
-0.1 


pA 


ELECTRICAL 
CHARACTERISTICS 
(Over Temperature) 


(V· = +15V, V- = -15V, GND = OV,TA = Over Temperature 
Range, unless 
otherwise 
indicated.) 


LIMITS 


PARAMETER 
SYMBOL 
TEST CONDITIONS 
DG200A 
DG200 B/C 
UNITS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


(Note 
2) (Note 
3) 
(Note 
2) (Note 
3) 


SWITCH 


Analog 
Signal 
Range 
VANALOG 
-15 
15 
-15 
15 
V 
(Note 
1) 


Drain-Source 
roS(on) 
Vo = ±10V, Vin = 0.8V, 
100 
100 
0 
ON Resistance 
Is= 1mA 


Source 
OFF 
Vs = 14V. Vo = -14V 
100 
100 


Leakage 
Current 
IS(oH) 


Vs = -14V, Vo = 14V 
-100 
-100 
Vin = 2.4V 
Vs = -14V, Vo = 14V 
100 
100 
Drain 
OFF 
Leakage 
Current 
10(oH) 
nA 


Vs = 14V, Vo = -14V 
-100 
-100 


Drain ON Leakage 
Vs = Vo = 14V 
200 
200 


Current 
(Note 4) 
lo(on) 
Vin = 0.8V 
Vs = Vo = -14V 
-200 
-200 


INPUT 


Input CurrenV 
INH 
-10 
-10 
Voltage 
High 
Vin = 2.4V, Vin = 15V 
10 
10 


Input 
CurrenV 


pA 


Voltage 
Low 
IINL 
Vin = OV 
-10 
-10 


Note 1: 
Signals 
on Sx. Dx, or INx, exceeding 
V- or V· will be clamped 
by internal 
diodes. 
LIMIT 
FORWARD 
DIODE 
CURRENT 


to maximum 
current 
ratings. 
Note 2: 
The algebraic 
convention 
whereby 
the most negative 
value is a minimum, 
and the most positive 
is a maximum, 
is used 


in this data sheet. 


Note 3: 
Typical 
values are for DESIGN 
AID ONLY, not guaranteed 
nor subject 
to production 
testing. 
Note 4: 
lo(on) is leakage from 
driver 
into "ON" switch. 


Note 5: 
"OFF" 
isolation 
~20 log VsNo, Vs = input to OFF switch, 
Vo = output. 


Analog Switch 


~0 
8 


SWITCH 
INPUT 
S, 
Vs = +5V 


LOGIC 
"0" = SW ON 


SWITCH 
LOGIC 
OUTPUT 
INPUT 
3V 


Vo 
I, < 20n. 
50% 


CL 
If < 20n. 
I35pF 


"::" 
SWITCH 
(REPEAT 
TEST 
FOR 
IN2) 
INPUT 
Vs 


Vo 
0.9 


RL 
SWITCH 
Vo :::.Vs RL + rOS(on) 
OUTPUT 


toff 


NOTE: Switch 
output 
waveform 
shown 
for Vs = constant 
with 
logic 
input 
waveform 
as shown. 
Note that Vs may be 
+ or - as per sWitching 
time 
test 
circuit. 
Va is the 
steady 
state 
output 
with 
switch 
on. 
Feedthrough 
via gate 
capacitance 
may result in spikes 
at leading 
and trailing 
edge of output 
waveform. 


Figure 
1. Switching 
Time 
Test Circuit 


Vo 
ICL = 1000pF 


tJ. 


!lVo 
0 MEASURED 
VOLTAGE 
ERROR 
DUE TO CHARGE 
INJECTION 
THE 
ERROR 
VOLTAGE 
IN COULOMBS 
IS !lQ 
= CL 
x !lVo 


OIRR 
= 20 LOGI 
~~ 
I 


Dual Monolithic SPST CMOS 


Analog Switch 


[ 


V-~ 


0.080" 


(2.03mm) 


CCRR 
: 20 LOGI...'!!!...I 


VD' 


Maxim cannot assume responsibility 
lor use 01 any circUitry other than circUitry entirely embodied in a Maxim product. No circuit patent 
licenses are implied. Maxim reserves the right to change the circuitry and specifications without notice at any time. 


TTL Compatible CMOS Analog Switches 


_______ 
Genera' Description 


Maxim's 
DG300-DG303 
and DG300A-DG303A 
CMOS 


dual 
and quad 
analog 
switches 
combine 
low power 


operation 
with 
fast switching 
times 
and superior 
DC 


and AC switch 
characteristics. 
On resistance 
is less 


than son and is essentially 
constant 
over the analog 


signal range. Device specifications 
are ideal for battery 


powered 
circuitry. 


These switches 
are available 
in a variety of formats 
as 


outlined 
below 
in the Pin Configurations 
section. 
The 


switch 
control 
logic 
inputs 
are fully 
TTL and CMOS 


compatible. 
Also 
featured 
are 
"break-before-make" 
switching 
and low charge 
injection. 


Maxim's 
DG300-DG303 
and DG300A-DG303A 
families 


are electrically 
compatible 
and 
pin 
compatible 
with 


the 
original 
manufacturer's 
devices. 
All 
devices 
will 


operate 
with 
power 
supplies 
ranging 
from 
±5V 
to 


±18V. 
Single 
supply 
operation 
is 
implemented 
by 


connecting 
V- to GND. 


Portable 
Instruments 


Low Power 
Sample/Holds 


Power 
Supply 
Switching 


Programmable 
Gain Amplifiers 


SPDT and DPDT 
Functions 


Process 
Control 
and Telemetry 


• 
Monolithic 
Low Power CMOS 


• 
Latch-Up 
Proof Construction 


• 
Fully Compatible 
2nd Source 


• 
Low On Resistance, <son 


• 
Fast Switching Time 


• 
y+ to Y- Analog Signal Range 


• 
Single Supply Capability 


PART 
TEMP. RANGE 
PACKAGE 


DG300C/D 
O°C to +70°C 
Dice 


DG300CJ 
O°C to +70°C 
14 Lead 
Plastic 
DIP 


DG300CWE 
O°C to +70°C 
16 Lead 
Wide 
SO 


DG300CK 
O°C to +70°C 
14 Lead 
CERDIP 


DG300BWE 
-25°C 
to +85°C 
16 Lead 
Wide 
SO 


DG300BK 
-25°C 
to +85°C 
14 Lead 
CERDIP 


DG300BA 
-25° C to +85° C 
10 Lead 
Metal 
Can 


DG300AK 
-55°C 
to +125°C 
14 Lead 
CERDIP 


DG300AA 
-55°C 
to +125°C 
10 Lead 
Metal 
Can 


Dual SPST DG300/DG300A 


v· ISUBSTRATE 
ANO CASEI 


01 


• 
S1 


14 v· 
, 
01 


1 
NC 
S1 
1 
NC 
IN1 
v- 


-, r:- 
! : 
~ 
L 


SPDT 
DG301/DG301A 
v· ISUBSTRATE 
ANO CASEI 


01 
01 


• 
S1 


14 v+ 
Illz 


1 
NC 
S1 


1 
NC 
NC 
v- 


IWrTCH1 
SWITCH 
2 


OFF 
ON 


JI"~IJI"J 
XI""'~I 
"".xlm Inte",.ted 
PnJducg 
12-37 


N1AXINI 
is a registered 
trademark 
of Maxim 
Integrated 
Products. 


TTL Compatible CMOS Analog Switches 


ABSOLUTE 
MAXIMUM 
RATINGS 


Voltages 
Referenced 
to v- 


V· 
(DG300-DG303) 
36V 


V· (DG300A-DG303A) 
. . . . . . . . . . .. 
44V 


GND 
25V 


Digital 
Inputs, 
Vs, Vo (Note 
1) 
-4V 
to (V· + 4V) or 
30mA, 
whichever 
occurs 
first. 


Current, 
Any 
Terminal 
Except 
S or D 
30mA 


Continuous 
Current, 
S or D 
30mA 


(Pulsed 
at 1msec, 
10% duty 
cycle 
max) 
100mA 


Storage 
Temperature 
(A & B Suffix) 
-65°C 
to 150°C 
" Device 
mounted 
with 
all leads 
soldered 
or welded 
to PC 


(C Suffix) 
-65°C 
to 125°C 
board. 
Stresses 
listed 
under 
"Absolute 
Meximum 
Retings" 
mey 
be epplied 
(one at a time) 
to devices 
without 
resulting 
in permanent 
damage. 
Thase 
are 
stress 
ratings 
only, 
and lunctional 
operation 
01 the device 
at these 
or any other 
conditions 
above 
those 
indicated 
in the operational 
sections 
of the 
specifications 
is not 
implied. 
Exposure 
to absolute 
maximum 
ratings 
conditions 
for 
extended 
periods 
may 
affect 
device 
reliability. 


ELECTRICAL 
CHARACTERISTICS 
(V· = +15V, V- = -15V, 
GND 
= OV, TA = 25°C, 
unless 
otherwise 
indicated) 


Operating 
Temperature 
(A Suffix) 
-55°C 
to 125°C 


(B Suffix) 
-25°C 
to 85°C 


(C Suffix) 
O°C to 70°C 


Lead Temperature 
(Soldering 
10 sec.) 
+300°C 


Power 
Dissipation" 
Cerdip 
(K) 
(Derate 
11mW/oC 
above 
75°C) 
. 


Plastic 
DIP 
(J) (Derate 
6.5mW/oC 
above 
25°C) 
.. 


Metal 
Can 
(A) (Derate 
6mWfO C above 
75° C) 
.... 


825mW 
470mW 
450mW 


DG300-DG303A 
DG300-DG303B/C 
DG300A- DG303AA 
DG300A-DG303AB/C 
PARAMETER 
SYMBOL 
TEST 
CONDITIONS 
UNITS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


(Note 
2) (Note 
3) 
(Note 
2) (Note 
3) 


Analog 
Signal 
Range 
VANALOG Is = 10mA, Vin = 0.8V or 4.0V 
-15 
15 
-15 
15 
V 


Drain-Source 
Is = -10mA, 
Vo = 10V 
30 
50 
30 
50 


ON Resistance 
rOSlOn) 
0 


Is = 10mA, Vo = -10V 
30 
50 
30 
50 


J: 
Source 
OFF 
Vs = 14V, Vo = -14V 
0.1 
1 
0.1 
5 
0 
Leakage 
Current 
ISlON) 
Vin = 0.8V 
~ 
Vs = -14V, Vo = 14V 
-1 
-0.1 
-5 
-0.1 
i 
or 
/I) 
Drain 
OFF 
Vin = 4.0V 
Vs = -14V, Vo = 14V 
0.1 
1 
0.1 
5 
10(ON) 
nA 
Leakage 
Current 
Vs = 14V, Vo = -14V 
-1 
-0.1 
-5 
-0.1 


Drain 
ON 
Vo = Vs = 14V 
0.1 
1 
0.1 
5 


Leakage 
Current 
10(on) 
Vo = Vs = -14V 
-2 
-0.1 
-5 
-0.1 


Input 
Current! 
Vin = 5.0V 
-1 
-0.001 
-1 
-0.001 
~ 
I'NH 
:) 
Voltage 
High 
Vin = 15V 
0.001 
1 
0.001 
1 
Ii. 
IJA 
~ 
Input 
Current! 


I'NL 
Vin = OV 
-1 
-0.001 
-1 
-0.001 
Voltage 
Low 


Turn-ON 
Time 
ton 
150 
300 
150 
300 


Turn-OFF 
Time 
toN 


See Switching 
Time 
Test Circuit 
130 
250 
130 
250 


See Break-Before-Make 
ns 


Break-Before-Make 
Interval 
ton-toN 
Time 
Test Circuit 
50 
50 
DG301 (A)/DG303(A) 
Only 


Charge 
Injection 
Q 
CL = 10nF, Rgen = 00, 
Vgen = OV 
12 
12 
pC 


0 
Source 
OFF 
CS(ON) 
Vs = OV 
14 
14 
i 
Capacitance 
f = 1MHz, 


C 
Drain 
OFF 
Vin = 0.8V 
Z 
COlotl) 
Vo = OV 
14 
14 
> 
Capacitance 
or 
C 
Vin = 4.0V 
pF 
Channel 
ON 
COlon) + 


Capacitance 
CS1on) 
Vs = Vo = OV 
40 
40 


Vin = OV 
6 
6 
Input 
Capacitance 
Gin 
f = 1MHz 
Vin = 15V 
7 
7 


Off 
Isolation 
(Note 
4) 
62 
62 


Crosstalk 
Vin = OV, RL = 1kO 
dB 


(Channel 
to Channel) 


Vs = 1 VAMS' f = 500kHz 
74 
74 


TTL Compatible CMOS Analog Switches 


ELECTRICAL CHARACTERISTICS 
(Continued) 


(V+ = +15V, v- = -15V, 
GND 
= OV, TA = 25°C, 
unless 
otherwise 
indicated) 


DG300-DG303A 
DG300- DG303B/C 
DG300A-DG303AA 
DG300A-DG303AB/C 
PARAMETER 
SYMBOL 
TEST 
CONDITIONS 
UNITS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


(Note 
2) (Note 
3) 
(Note 
2) (Note 
3) 


Positive 
Supply 
1+ 
0.23 
0.5 
0.23 
0.5 
mA 


Current 
Vin = 4V (One 
Input) 
~ 
Negative 
Supply 
r 
(All Others 
= 0) 
-10 
-0.001 
-10 
-0.001 


lL 
Current 
lLj 
Positive 
Supply 
1+ 
0.001 
10 
0.001 
10 
pA 
III 
Current 


Negative 
Supply 
Vin = 0.8V (All Inputs) 


Current 
r 
-10 
-0.001 
-10 
-0.001 


ELECTRICAL 
CHARACTERISTICS 
(Over Temperature) 


(v+ = +15V, v- = -15V, 
GND 
= OV, TA = Over 
Temperature 
Range, 
unless 
otherwise 
indicated) 


DG3DO-DG303A 
DG3DO- DG303B/C 
DG300A-DG303AA 
DG300A-DG303AB/C 
PARAMETER 
SYMBOL 
TEST 
CONDITIONS 
UNITS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
(Note 
2)(Note 
3) 
(Note 
2) (Note 
3) 


Analog 
Signal 
Range 
VANALOG Is = 10mA, Vin = 0.8V or 4.0V 
-15 
15 
-15 
15 
V 


Drain-Source 
Is = -10mA, 
Vo = 10V 
75 
75 


ON Resistance 
rOS(On) 
n 


Is = 10mA, Vo = -10V 
75 
75 


:%: 
Source 
OFF 
Vs = 14V, Vo = -14V 
100 
100 
0 
Leakage 
Current 
IS(OIl) 
Vin = 0.8V 
... 
Vs = -14V, Vo = 14V 
-100 
-100 
i 
or 


III 
Drain 
OFF 
Vin = 4.0V 
Vs = -14V, Vo = 14V 
100 
100 
10(011) 
nA 
Leakage 
Current 
Vs = 14V, Vo = -14V 
-100 
-100 


Drain 
ON 
Vo = Vs = 14V 
100 
100 


Leakage 
Current 
10(on) 
Vo = Vs = -14V 
-200 
-200 


Input 
Current! 
Vin = 5.0V 
-1 
-10 
... 
Voltage 
High 
IINH 
Vin = 15V 
1 
10 
j 
lL 
pA 
! 
Input 
Current! 


IINL 
Vin = OV 
-1 
-10 
Voltage 
Low 


Positive 
Supply 
1+ 
1 
1 
mA 
Current 
Vin = 4V (One 
Input) 


~ 


Negative 
Supply 
1- 
(All Others 
= 0) 
-100 
-200 
lL 
Current 
lLj 
Positive 
Supply 
1+ 
100 
200 
pA 
III 
Current 


Negative 
Supply 
Vin = 0.8V (All 
Inputs) 


Current 
r 
-100 
-200 


Note 
1: 
Signals 
on Sx, Dx, or INx exceeding 
V+ or V- will 
be clamped 
by internal 
diodes. 
Limit 
diode 
forward 
current 
to 


maximum 
current 
ratings. 


Note 2: 
The algebraic 
convention 
whereby 
the most negative 
value 
is a minimum, 
and the most positive 
value 
is a maximum Em 
is used 
in this 
data 
sheet. 


Note 3: 
Typical 
values 
are for 
DESIGN 
AID 
ONLY, not guaranteed 
nor subject 
to production 
testing. 


Note 4: 
OFF 
isolation 
= 20 10g~ 
, Vs = input 
to OFF switch, 
Vo = Output. 


Vo 
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100 


80 


c:;; 
60 
:E.. 
e. 
S 
40 
~ 


20 


Y· ~ +15Y _ 
y. = -15Y 


+l25·C 
-I- 


+25· 


-55·C 


I 
o 
-15 
-10 
-5 
0 
5 
10 
15 


ORAIN VOLTAGEIVOLTSI 


220 


200 


180 


'2160 


;:;140 
!12O 
!i! 100 


~ 
80 


;i 
60 


'" 
40 


20 
o 
-55 -35 
-15 
5 
25 
45 
65 
85 
105 125 


TEMPERATURE I·C) 


Y· = +15Y 
I 


y. = -15Y 
I 
~ 
ViMH= +4.oy 
"". 
l...oo 
ViMl=OY 
~ 
"". 
.-- 
""""i;f 
.-- 


100 


80 
c:;;!j 
60 
e. 
~e 
40 


20 


~~-~r 
r 
AI Y· = +1511,Y- = -15Y 
BI Y· = +1011,y. = -10Y 
CI Y· = +7.511,y. = -7.5Y 
01 Y· = +511,y. 
= -5Y 
Ji'. 0 
" 
••• 
C 
I.- 


B 


A 
TA =, +25·C 
- 


~ 
80 
z..5 
60 
..~ 
tt: 
40 
.., 


~1~20 


10' 
10' 


FREQUENCY 1Hz) 


-15 
-10 
-5 
0 
5 
10 
15 


ORAIN YOLTAGEIYOLTSI 


SWITCHING 
TIME AND 
BREAK-BEfORE-MAKE 
TIME 
~ 
va. POSITIVE 
SUPPLY VOLTAGE 


ii! 
500 
;::... 
400 
'"c:! 
:[ 
'"' 
... 
~ 
300 
:E;:: 


"'" 
'" 
::I 
200 
z 
'"' 
:; 
~ 
..... 


ii! 
;i 
;:: 
100 
'" 
'"z:; 
tbbm OG301/0G303 ONLY 
... 
0 
..;i 
0 
5 
10 
15 
'" 
POSITIYE SUPPLY VOLTAGEIVOLTSI 


SWITCHING 
TIME 
va. NEGATIVE 
SUPPLY VOLTAGE 


250 
, 


Y· = +15Y 
_ 
TA = +25·C 
YIMH= +4.0Y - 
YIMl = OY 
- 
~ ~ 
tOff 
-- 


NEGATIYE SUPPLY VOLTAGEIYOLTSI 
Test Circuits 


v, 
I Cl = IOnF 


·4V 


lNl~ 
IQ; 
_ .. 
~~ 


ov 
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LOGIC 
~V"H 
+4V 
INPUT 
~ 
OV 
50% 
1\ 
_ 


V" 


SWITCH 
OUTPUT 


V" 
Voz 


CLl 
ClI 


33pF 
33pF 


LOGIC 
INPUT 


~;~~~: 
ov 


All 
DG300 family 
switches 
will operate 
with ±5 to 


±15Y power supplies. 
They can also be used with 


single ended 
power supplies 
ranging 
from +10Y to 


+30Y where the Y- terminal 
is connected 
to ground. 
In either case analog signals ranging from Y+ to Y- 
can be switched. 


F_ig_u_,_e_3_. _S_w_it_c_hl_·n_g_T_irn_6_7i_6_st_C_I_·,c_u_it_. 
Application Information 


The on resistance 
variation 
with analog 
signal and 


supply 
voltage 
is shown 
in the Typical 
Operating 


Characteristics 
graphs. 
The temperature 
coefficient 


of 
RON 
is typically 
0.5%/oC. 
Typical 
on resistance 


matching from channel to channel is 10%. In addition, 
Table 1 outlines 
some typical 
parameters 
for single 


supply operation. 


Y' SUPPLY 
YOLTAGE 
(Y- 
= OY) 
+10Y 
+15Y 
+20Y 
+30Y 


Switching 
Time 
(RL = 1kO) 


tON 
190ns 
150ns 
110ns 
70ns 
tOFF 
40ns 
40ns 
40ns 
40ns 


On Resistance 
VSIGNAL= +lV 
710 
510 
420 
310 
VSIGNAL= V' /2 
7m 
540 
430 
300 
VSIGNAL= V' 
B40 
630 
540 
430 


Input 
Logic 
Levels 
0.BV,4.0V 
0.BV,4.0V 
0.BV,4.0V 
0.BV,4.5V 


The charge injection 
test circuit is shown in Figure 1. 


Table 2 lists the typical 
injected 
charge for DG300 


series switches with various input voltages. 
ANALOG 
INPUT 
INJECTED 
Q 


+10V 
4pC 
+5V 
BpC 


OV 
12pC 


-5V 
BpC 
-10V 
5pC 
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Chip Topography 


g 


_---- 
~1118" 
.•• 
rnmm 


DIE PAD 
DG300 
DG301 
DG302I303 


DG300A 
DG301A 
DG302A/303A 


a 
N.C. 
N.C. 
83 
b 
D1 
D1 
D3 
c 
D1 
81 
D1 


d 
81 
IN1 
81 


e 
IN1 
IN1 
IN1 


f 
y. 
y. 
y+ 


9 
GND 
GND 
GND 
h 
y- 
y- 
y- 


i 
IN2 
GND 
IN2 


j 
82 
y- 
82 
k 
D2 
82 
D2 
I 
D2 
D2 
D4 
m 
N.C. 
N.C. 
84 
n 
y. 
y. 
y. 


PART 
TEMP. RANGE 
PACKAGE 


DG300AC/D 
O°C to +70°C 
Dice 


DG300ACJ 
O°C to +70°C 
14 Lead 
Plastic 
DIP 


DG300ACWE 
O°C to +70°C 
16 Lead 
Wide 
80 


DG300ACK 
O°C to +70°C 
14 Lead 
CERDIP 


DG300ABWE 
-25°C 
to +85°C 
16 Lead 
Wide 
80 


DG300ABK 
-25°C 
to +85°C 
14 Lead 
CERDIP 


DG300ABA 
-25° C to +85° C 
10 Lead 
Metal 
Can 


DG301C/D 
O°C to +70°C 
Dice 


DG301CJ 
O°C to +70°C 
14 Lead 
Plastic 
DIP 


DG301CWE 
O°C to +70°C 
16 Lead 
Wide 
80 


DG301CK 
O°C to +70°C 
14 Lead 
CERDIP 


DG301BWE 
-25°C 
to +85°C 
16 Lead 
Wide 
80 


DG301BK 
-25°C 
to +85°C 
14 Lead 
CERDIP 


DG301BA 
-25°C 
to +85°C 
10 Lead 
Metal 
Can 


DG301AK 
-55° C to +125° C 
14 Lead 
CERDIP 


DG301AA 
-55°C 
to +125°C 
10 Lead 
Metal 
Can 


DG301AC/D 
O°C to +70°C 
Dice 


DG301ACJ 
O°C to +lO°C 
14 Lead 
Plastic 
DIP 


DG301ACWE 
O°C to +lO°C 
16 Lead 
Wide 
80 


DG301ACK 
O°C to +lO°C 
14 Lead 
CERDIP 


DG301ABWE 
-25°C 
to +85°C 
16 Lead 
Wide 
80 


DG301ABK 
-25° C to +85° C 
14 Lead 
CERDIP 


DG301ABA 
-25° C to +85° C 
10 Lead 
Metal 
Can 


DG302C/D 
O°C to +70°C 
Dice 


DG302CJ 
O°C to +70°C 
14 Lead 
Plastic 
DIP 


PART 
TEMP. 
RANGE 
PACKAGE 


DG302CWE 
O°C to +70°C 
16 Lead 
Wide 
80 


DG302CK 
O°C to +70°C 
14 Lead 
CERDIP 


DG302BWE 
-25°C 
to +85°C 
16 Lead 
Wide 
80 


DG302BK 
-25°C 
to +85°C 
14 Lead 
CERDIP 


DG302AK 
-55°C 
to +125°C 
14 Lead 
CERDIP 


DG302AC/D 
O°C to +70°C 
Dice 


DG302ACJ 
O°C to +70°C 
14 Lead 
Plastic 
DIP 


DG302ACWE 
O°C to +70°C 
16 Lead 
Wide 
80 


DG302ACK 
O°C to +70°C 
14 Lead 
CERDIP 


DG302ABWE 
-25°C 
to +85°C 
16 Lead 
Wide 
80 


DG302ABK 
-25°C 
to +85°C 
14 Lead 
CERDIP 


DG303C/D 
O°C to +70°C 
Dice 


DG303CJ 
O°C to +70°C 
14 Lead 
Plastic 
DIP 


DG303CWE 
O°C to +lO°C 
16 Lead 
Wide 
80 


DG303CK 
O°C to +lO°C 
14 Lead 
CERDIP 


DG303BWE 
-25°C 
to +85°C 
16 Lead 
Wide 
80 


DG303BK 
-25°C 
to +85°C 
14 Lead 
CERDIP 


DG303AK 
-55°C 
to +125°C 
14 Lead 
CERDIP 


DG303AC/D 
O°C to +70°C 
Dice 


DG303ACJ 
O°C to +70°C 
14 Lead 
Plastic 
DIP 


DG303ACWE 
O°C to +70°C 
16 Lead 
Wide 
SO 


DG303ACK 
O°C to +lO°C 
14 Lead 
CERDIP 


DG303ABWE 
-25° C to +85° C 
16 Lead 
Wide 
80 


DG303ABK 
-25° C to +85° C 
14 Lead 
CERDIP 


_______ 
General Description 


Maxim's 
DG304-DG307 
and DG304A-DG307A 
CMOS 


dual 
and quad 
analog 
switches 
combine 
low power 


operation 
with 
fast switching 
times 
and superior 
DC 


and AC switch 
characteristics. 
On resistance 
is less 


than son and is essentially 
constant 
over the analog 


signal range. Device specifications 
are ideal for battery 


powered 
circuitry. 


These switches 
are available 
in a variety of formats 
as 


outlined 
below 
in the Pin Configurations 
section. 
The 


switch control 
logic inputs are compatible 
with CMOS 


logic. Also featured 
are "break-before-make" 
switching 


and low charge 
injection. 


Maxim's 
DG304-DG307 
and DG304A-DG307A 
families 


are electrically 
compatible 
and 
pin compatible 
with 


the 
original 
manufacturer's 
devices. 
All 
devices 
will 


operate 
with 
power 
supplies 
ranging 
from 
±SV 
to 


±18V. 
Single 
supply 
operation 
is 
implemented 
by 


connecting 
V- to GND. 


Portable 
Instruments 


Low 
Power 
Sample/Holds 


Power 
Supply 
Switching 


Programmable 
Gain Amplifiers 


SPDT and DPDT 
Functions 


Process 
Control 
and Telemetry 


CIfIIOS Analog 
Switches 


• 
Monolithic 
Low Power CMOS 


• 
Latch-Up 
Proof Construction 


• 
Fully Compatible 
2nd Source 


• 
Low On Resistance, <son 


• 
Fast Switching Time 


• 
y+ to Y- Analog Signal Range 


• 
Single Supply Capability 


PART 
TEMP. RANGE 
PACKAGE 


DG304C/D 
O°C to +70°C 
Dice 


DG304CJ 
O°C to +70°C 
14 Lead 
Plastic 
DIP 


DG304CWE 
O°C to +70°C 
16 Lead 
Wide 
SO 


DG304CK 
O°C to +70°C 
14 Lead 
CERDIP 


DG304BWE 
-25°C 
to +85°C 
16 Lead 
Wide 
SO 


DG304BK 
-25° C to +85°C 
14 Lead 
CERDIP 


DG304BA 
-25° C to +85°C 
10 Lead 
Metal 
Can 


DG304AK 
-55°C 
to +125°C 
14 Lead 
CERDIP 


DG304AA 
-55°C 
to +125°C 
10 Lead 
Metal 
Can 


Dual SPST DG304/DG304A 
v· ISUBSTRATE 
AND CASE) 


Dl 
D2 


, 
S2 


SPDT 
DG30S/DG30SA 


v· ISUBSTRATE 
AND CASE) 


Dl 
D2 


, 
S2 


14 v· 


1 
llz 


1 
HC 


S2 
HC 
HC 
v- 


"..-.."J X •"..-.• 
.N1AXI.N1 
is a registered 
trademark 
of Maxim 
Integrated 
Products. 


CMOS Analog 
Switches 


ABSOLUTE 
MAXIMUM 
RATINGS 
Voltages 
Referenced 
to V- 


V· (DG304-DG307) 
...................•............ 
36V 
V· (DG304A-DG307A) 
44V 
GND 
25V 
Digital 
Inputs, 
Vs, Vo (Note 
1) 
-4V 
to (V· + 4V) or 
30mA, 
whichever 
occurs 
first. 


Current, 
Any 
Terminal 
Except 
S or D 
30mA 
Continuous 
Current, 
S or D 
30mA 
(Pulsed 
at 1msec, 
10'10 duty 
cycle 
max) 
100mA 
Storage 
Temperature 
(A & B Suffix) 
-65°C 
to 150°C 
• Device 
mounted 
with 
all leads 
soldered 
or welded 
to PC 
(C Sullix) 
-65°C 
to 125°C 
board. 


Stresses 
listed under 
''Absolute 
Maximum 
Ratings" 
may be applied 
(one 
at a time) 
to devices 
without 
resulting 
in permanent 
damage. 
These are 
stress ratings 
only, and functional 
operation 
of the device at these or any other conditions 
above 
those indicated 
in the operational 
sections 
of the 
specifications 
is not implied. 
Exposure 
to absolute 
maximum 
ratings 
conditions 
for extended 
periods 
may affect 
device 
reliability. 


ELECTRICAL 
CHARACTERISTICS 
(V· = +15V, V- = -15V, 
GND 
= OV, TA = 25°C, 
unless 
otherwise 
indicated) 


Operating 
Temperature 
(A Suflix) 
-55°C 
to 125°C 
(B Suffix) 
-25°C 
to 85°C 
(C Suffix) 
0° C to 70° C 
Lead 
Temperature 
(Soldering 
10 sec.) 
+300°C 
Power 
Dissipation· 
Cerdip 
(K) 
(Derate 
11mW/oC 
above 
75°C) 
. 
Plastic 
DIP (J) (Derate 
6.5mW/oC 
above 
25°C) 
.. 


Metal 
Can 
(A) 
(Derate 
6mWfO C above 
75° C) 
.... 


825mW 
470mW 
450mW 


DG304- DG307 A 
DG304· DG307B/C 
DG304A·DG307AA 
DG304A·DG307 
AB/C 
PARAMETER 
SYMBOL 
TEST 
CONDITIONS 
UNITS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 
(Note 
2)(Note 
3) 
(Note 2) (Note 3) 


Analog 
Signal 
Range 
VANALOG Is = 10mA, Vin = 3.5V or 11.0V 
-15 
15 
-15 
15 
V 


Drain-Source 
Is = -10mA, 
Vo = 10V 
30 
50 
30 
50 


ON Resistance 
rOSlon) 
0 
Is = 10mA, Vo = -10V 
30 
50 
30 
50 


:z: 
Source 
OFF 
Vs = 14V, Vo = -14V 
0.1 
1 
0.1 
5 
() 
Leakage 
Current 
IS1oH) 
Vin = 3.5V 
... 
Vs = -14V, Vo = 14V 
-1 
-0.1 
-5 
-0.1 
i 
or 
l/l 
Drain 
OFF 
Vin = 11.0V 
Vs = -14V, Vo = 14V 
0.1 
1 
0.1 
5 
10(011) 
nA 
Leakage 
Current 
Vs = 14V, Vo = -14V 
-1 
-0.1 
-5 
-0.1 


Drain 
ON 
Vo = Vs = 14V 
0.1 
1 
0.1 
5 


Leakage 
Current 
10(on) 
Vo = Vs = -14V 
-2 
-0.1 
-5 
-0.1 


Input 
Currenl/ 
Vin = 5.0V 
-1 
-0.001 
-1 
-0.001 
... 
Voltage 
High 
I'NH 
Vin = 15V 
0.001 
0.001 
:) 
1 
1 
A. 
IJA 
! 
Input 
Currenl/ 


I'NL 
Vin = OV 
-1 
-0.001 
-1 
-0.001 
Voltage 
Low 


Turn-ON 
Time 
ton 
110 
250 
110 
250 


Turn-OFF 
Time 
toll 
See SWitching 
Time 
Test Circuit 
70 
150 
70 
150 


See Break-Before-Make 
ns 


Break-Belora-Make 
ton-tof' 
Time 
Test Circuit 
50 
50 
Interval 
DG305(A)/DG307(A) 
Only 


Charge 
Injection 
Q 
CL = 10nF, Roen = 00, 
Voen = OV 
12 
12 
pC 


Source 
OFF 
CS(OIl) 
Vs = OV 
14 
14 
~ 
Capacitance 
i 
1= 1MHz, 
oC 
Drain 
OFF 
CO(OH) 


Vin = 3.5V 
z 
Vo = OV 
14 
14 
> 
Capacitance 
or 
Q 
Vin = 11.0V 
pF 
Channel 
ON 
COlon) + 
Capacitance 
CS(on) 
Vs = Vo = OV 
40 
40 


Input 
Capacitance 
Cin 
Vin = OV 
6 
6 
f = 1MHz 
Vin = 15V 
7 
7 


Off 
Isolation 
(Note 
4) 
Vin = OV, RL = 1kO 
62 
62 


Crosstalk 
dB 
(Channel 
to Channel) 
Vs = 1 VRMS' I = 500kHz 
74 
74 


CMOS Analog Switches 


ELECTRICAL 
CHARACTERISTICS 
(Continued) 


(V' = +15V, V- = -15V. 
GND 
= OV. T•• = 25°C, 
unless 
otherwise 
indicated) 


DG304-DG307A 
DG304-DG307B/C 
DG304A-DG307AA 
DG304A-DG307AB/C 
PARAMETER 
SYMBOL 
TEST 
CONDITIONS 
UNITS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


(Note 
2) (Note 
3) 
(Note 
2) (Note 
3) 


Positive 
Supply 
I' 
0.001 
10 
0.001 
10 
Current 


Negative 
Supply 
Vin = 15.0V (All Inputs) 
~ 
r 
-10 
-0.001 
-10 
-0.001 


A. 
Current 
pA 
A. 
:;:) 
Positive 
Supply 
I' 
0.001 
10 
0.001 
10 
UI 
Current 


Negative 
Supply 
Vin = OV (All 
Inputs) 


Current 
r 
-10 
-0.001 
-10 
-0.001 


ELECTRICAL 
CHARACTERISTICS 
(Over Temperature) 


(V' = +15V, GND 
= OV. TA = Over Temperature 
Range, 
unless 
otherwise 
noted) 


DG304-DG307A 
DG304-DG307B/C 
DG304A-DG307AA 
DG304A-DG307AB/C 
PARAMETER 
SYMBOL 
TEST 
CONDITIONS 
UNITS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


(Note 
2) (Note 
3) 
(Note 
2) (Note 
3) 


Analog 
Signal 
Range 
VANALOG Is = 10mA, Vin = 3.5V or 11.0V 
-15 
15 
-15 
15 
V 


Drain-Source 
Is = -10mA, 
Vo = 10V 
75 
75 


ON Resistance 
rOS(On) 
0 


Is = 10mA, Vo = -10V 
75 
'. 
75 


:E: 
Source 
OFF 
Vs = 14V, Vo = -14V 
100 
100 
" 
Leakage 
Current 
IS(Off) 
Vin = 3.5V 
... 
Vs = -14V, Vo = 14V 
-100 
-100 
i 
or 


UI 
Drain 
OFF 
Vin = 11.0V 
Vs = -14V. Vo = 14V 
100 
100 
10(offl 
nA 
Leakage 
Current 
Vs = 14V. Vo = -14V 
-100 
-100 


Drain 
ON 
Vo = Vs = 14V 
100 
100 


Leakage 
Current 
10(on) 
Vo = Vs = -14V 
-200 
-200 


Input 
CurrenV 
Vin = 5.0V 
-1 
-10 
... 
IINH 
:;:) 
Voltage 
High 
Vin = 15V 
1 
10 
A. 
pA 
! 
Input 
CurrenV 


Voltage 
Low 
IINL 
Vin = OV 
-1 
-10 


Positive 
Supply 
I' 
100 
200 
Current 


Negative 
Supply 
Vin = 15.0V (All 
Inputs) 
~ 
1- 
-100 
-200 
A. 
Current 
A. 
pA 
:;:) 
Positive 
Supply 
I' 
100 
200 
UI 
Current 


Negative 
Supply 
Vin = OV (All 
Inputs) 


Current 
r 
-100 
-200 


Note 
1: 
Signals 
on Sx. Ox, or INx exceeding 
V' 
or V- will 
be clamped 
by internal 
diodes. 
Limit 
diode 
forward 
current 
to 


maximum 
current 
ratings. 


Note 
2: 
The algebraic 
convention 
whereby 
the most negative 
value 
is a minimum, 
and the most 
positive 
value 
is a maximum IBI 
is used 
in th is data sheet. 


Note 
3: 
Typical 
values 
are for 
DESIGN 
AID 
ONLY, not guaranteed 
nor subject 
to production 
testing. 


Note 
4: 
OFF 
isolation 
= 20 log~ 
, Vs = input 
to OFF switch, 
Vo = Output. 


Vo 


CMOS Analog Switches 


100 


80 


in 
60 
~e. 
~ 
40 


~ 


20 


V· = +15V _ 


. V- = -15V 


+125°C f- 
- 


+25°C 


55°C 


o 
-15 
-10 
-5 
0 
5 
10 
15 


DRAIN VOLTAGE,VOLTSI 


22D 


200 


180 


~ 
160 


:: 
140 


~ 
12D 


rii lOD 


~ 
8D 
>- 
~ 
60 


on 
4D 


2D 
o 
-55 -35 
-15 
5 
25 
45 
65 
85 
105 125 


TEMPERATURE ,oCl 


VI- = ~15VI 


TA = +25°C 
VINH = + 15.0V 
VINl = OV 


tON 
i..;' 


..". ". 
~ 
tOFF_ --= =- 


IDD 


80 
in 
~ 
6D 
~ 
~ 
40 


2D 


.'.. 
' 
AI V· = +15v' V- = -15V 
-,- - 
81 V· = +1OV, V- = -10V 
CI V· = +7.5V. V- = -7.5V 
-i- - 
DJ V· = +5V. V- = -5V 
, 
D 
..•..~ 


••• 
C 
••• 
8 
... 
- 
- 
A 
~A = +25°C 
- 


~ 
80 
z 
co 


~ 
60 
~* 
40 
, 


~I~ 20 


-15 
-10 
-5 
10 
15 


DRAIN VOLTAGE[VOLTS: 


SWITCHING 
TIME 
c 
Y5. POSITIVE 
SUPPLY VOLTAGE 
:E 
240 
>= 


10 


POSITIVE SUPPLY VOLTAGEIVOlTSI 


SWITCHING 
TIME 


Y5. NEGATIVE 
SUPPLY VOLTAGE 


240 


200 
c 
:E 
160 
>= 
'"z~ 
120 
>- 
~ 
80 


40 


V! = +I~V 
- 


.....• 
TA = +25°C .._ 
VINH = +15.0V 


"""" 
VINl = DV 
- 


tON 
........ 
.....• •... 


i""-- 


IOFF 


VCEN 


~ 


v, 
I Cl = lOnF 


-4V 


IN1~ 
;-;;; 
-~_. 


ov 


CMOS Analog Switches 


~ 


V"H 


50% 


OV 


V" 
----------- 


SWITCH 
OUTPUT 


VOl 


V" 


LOGIC 
INPUT 


:;~~~~ 
OV 
I 
D-1>-J 


All 
DG304 family 
switches 
will operate 
with 
±5 to 
±15V 
power supplies. 
They can also be used with 


single 
ended 
power supplies 
ranging 
from 
+10V to 
+30V where the V- terminal 
is connected 
to ground. 


In either case analog signals ranging from V+ to V- 
can be switched. 


_FI_ 


o 
g_u_,e_3_o_s_w_,_Otc_h_in_g_T_irn_e_Te_s_t 
_C_i'_C_Ul_Oto 
Application Information 


The on resistance 
variation 
with 
analog 
signal 
and 


supply 
voltage 
is shown 
in the Typical 
Operating 


Characteristics 
graphs. 
The temperature 
coefficient 


of 
RON 
is typically 
0.5%/oC. Typical 
on 
resistance 


matching from channel to channel is 10%. In addition, 
Table 1 outlines 
some typical 
parameters 
for single 


supply operation. 


y+ SUPPLY 
YOLTAGE 
(Y- = OY) 
+10Y 
+15Y 
+20Y 
+30Y 


Switching 
Time 
(RL = 1kO) 


tON 
220ns 
180ns 
165ns 
110ns 
tOFF 
60ns 
40ns 
30ns 
20ns 


On Resistance 
VSIGNAL= +1V 
710 
510 
420 
310 
VSIGNAL= V+/2 
no 
540 
430 
300 
VSIGNAL= V+ 
840 
630 
540 
430 


Input 
Logic 
Levels 
305V, 1100V 
3.5V, 11.0V 
305V, 1205V 
3.5V, 22.0V 


The charge injection 
test circuit 
is shown in Figure 1. 


Table 2 lists the typical 
injected 
charge 
for DG304 
series switches with various input voltages. 
ANALOG 
INPUT 
INJECTED 
Q 


+10V 
4pC 


+5V 
8pC 


OV 
12pC 


-5V 
8pC 


-10V 
5pC 


CMOS Analog Switches 


g 


0.108" 
------mmm-----+ 


DIE PAD 
DG304 
DG305 
DG306/307 
DG304A 
DG305A 
DG306A1307A 


a 
N.C. 
N.C. 
83 
b 
D1 
D1 
D3 


c 
D1 
81 
D1 
d 
81 
IN1 
81 
e 
IN1 
IN1 
IN1 
f 
V' 
V' 
'1/' 


9 
GND 
GND 
GND 
h 
v· 
v· 
V· 


i 
IN2 
GND 
IN2 
j 
82 
V" 
82 
k 
D2 
82 
D2 
I 
D2 
D2 
D4 


m 
N.C. 
N.C. 
84 
n 
V' 
V' 
V' 


PART 
TEMP. RANGE 
PACKAGE 


DG304AC/D 
O·C to +70·C 
Dice 


DG304ACJ 
O·C to +70·C 
14 Lead 
Plastic 
DIP 


DG304ACWE 
O·C to +70·C 
16 Lead Wide 
80 


DG304ACK 
O·C to +70·C 
14 Lead 
CERDIP 


DG304ABWE 
-25·C 
to +85·C 
16 Lead Wide 
SO 


DG304ABK 
-25·C 
to +85·C 
14 Lead 
CERDIP 


DG304ABA 
-25·C 
to +85·C 
10 Lead 
Metal 
Can 


DG305C/D 
O·C to +70·C 
Dice 


DG305CJ 
O·C to +70·C 
14 Lead 
Plastic 
DIP 


DG305CWE 
O·C to +70·C 
16 Lead 
Wide 
SO 


DG305CK 
O·C to +70·C 
14 Lead 
CERDIP 


DG305BWE 
-25· C to +85· C 
16 Lead Wide 
SO 


DG305BK 
-25· C to +85· C 
14 Lead 
CERDIP 


DG305BA 
-25· C to +85· C 
10 Lead 
Metal 
Can 


DG305AK 
-55·C 
to +125·C 
14 Lead 
CERDIP 


DG305AA 
-55·C 
to +125·C 
10 Lead 
Metal 
Can 


DG305AC/D 
O·C to +70·C 
Dice 


DG305ACJ 
O·C to +70·C 
14 Lead 
Plastic 
DIP 


DG305ACWE 
O·C to +70·C 
16 Lead 
Wide 
SO 


DG305ACK 
O·C to +70·C 
14 Lead 
CERDIP 


DG305ABWE 
-25· C to +85· C 
16 Lead 
Wide 
SO 


DG305ABK 
-25· C to +85· C 
14 Lead 
CERDIP 


DG305ABA 
-25·C 
to +85·C 
10 Lead 
Metal 
Can 


PART 
TEMP. RANGE 
PACKAGE 


DG306C/D 
O·C to +70·C 
Dice 


DG306CJ 
O·G to +70·C 
14 Lead 
Plastic 
DIP 


DG306CWE 
O·C to +70·C 
16 Lead 
Wide 
SO 


DG306CK 
O·C to +70·C 
14 Lead 
CERDIP 


DG306BWE 
-25· C to +85· C 
16 Lead 
Wide 
80 


DG306BK 
-25· C to +85· C 
14 Lead 
CERDIP 


DG306AK 
-55·C 
to +125·C 
14 Lead 
CERDIP 


DG306ACID 
O·C to +70·C 
Dice 


DG306ACJ 
O·C to +70·C 
14 Lead 
Plastic 
DIP 


DG306ACWE 
O·C to +70·C 
16 Lead 
Wide 
SO 


DG306ACK 
O·C to +70·C 
14 Lead 
CERDIP 


DG306ABWE 
-25· C to +85· C 
16 Lead 
Wide 
SO 


DG306ABK 
-25· C to +85· C 
14 Lead 
CERDIP 


DG307C/D 
O·C to +70·C 
Dice 


DG307CJ 
O·C to +70·C 
14 Lead 
Plastic 
DIP 


DG307CWE 
O·C to +70·C 
16 Lead 
Wide 
SO 


DG307CK 
O·C to +70·C 
14 Lead 
CERDIP 


DG307BWE 
-25· C to +85· C 
16 Lead 
Wide 
80 


DG307BK 
-25· C to +85· C 
14 Lead 
CERDIP 


DG307AK 
-55·C 
to +125·C 
14 Lead 
CERDIP 


DG307AC/D 
O·C to +70·C 
Dice 


DG307ACJ 
O·C to +70·C 
14 Lead 
Plastic 
DIP 


DG307ACWE 
O·C to +70·C 
16 Lead 
Wide 
SO 


DG307ACK 
O·C to +70·C 
14 Lead 
CERDIP 


DG307ABWE 
-25·C 
to +85·C 
16 Lead 
Wide 
SO 


DG307ABK 
-25· C to +85· C 
14 Lead 
CERDIP 
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_______ 
General Description 


Maxim's 
DG381-DG390 
and DG381A-DG390A 
CMOS 
dual 
and quad 
analog 
switches 
combine 
low power 
operation 
with 
fast switching 
times 
and superior 
DC 
and AC switch 
characteristics. 
On resistance 
is less 


than son and is essentially 
constant 
over the analog 
signal range. Device specifications 
are ideal for battery 
powered 
circuitry. 


These switches 
are available 
in a variety 
of formats 
as 
outlined 
below 
in the Pin Configurations 
section. 
The 


switch 
control 
logic 
inputs 
are fully 
TTL and CMOS 
compatible. 
Also 
featured 
are 
"break-before-make" 
switching 
and low charge 
injection. 


Maxim's 
DG381-DG390 
and DG381A-DG390A 
families 
are electrically 
compatible 
and 
pin 
compatible 
with 


the 
original 
manufacturer's 
devices. 
All 
devices 
will 
operate 
with 
power 
supplies 
ranging 
from 
±5V 
to 
±18V. 
Single 
supply 
operation 
is 
implemented 
by 
connecting 
V- to GND. 


• 
Monolithic 
Low Power 
CMOS 


• 
Latch-Up 
Proof 
Construction 


• 
Fully 
Compatible 
2nd Source 


• 
Low On Resistance, <son 


• 
Fast Switching 
Time 


• 
y+ to Y- Analog 
Signal 
Range 


• 
Single 
Supply 
Capability 


PART 
TEMP. RANGE 
PACKAGE 


DG381C/D 
DOC to +7DoC 
Dice 


DG381CJ 
DOC to +7DoC 
14 Lead 
Plastic 
DIP 


DG381CWE 
DOC to +7DoC 
16 Lead 
Wide 
SO 


DG381CK 
DOC to +7DoC 
14 Lead 
CERDIP 


DG381BWE 
-25° 
C to +85° C 
16 Lead 
Wide 
SO 


DG381BK 
-25° 
C to +85° C 
14 Lead 
CERDIP 


DG381BA 
-25° 
C to +85° C 
1D Lead 
Metal 
Can 


DG381AK 
-55°C 
to +125°C 
14 Lead 
CERDIP 


DG381AA 
-55°C 
to +125°C 
1D Lead 
Metal 
Can 


Portable 
Instruments 


Low 
Power 
Sample/Holds 


Power 
Supply 
Switching 


Programmable 
Gain Amplifiers 


SPOT and DPDT 
Functions 


Process 
Control 
and Telemetry 
(Ordering 
Information 
is continued 
on last page.) 


------------------- 
Pin Configurations 


o 
1 


Switch 
states 
are for 
Logic 
"1" 
Inputs 
(Positive 
Logic). 


NC 
1 


NC 
2 
0, 
5, 


IN 
5 
y. 
Ne 


,;II"I,;JX 1,;11"1 
Ma1Clm In'.",a'ed Product. 
12-49 


NlAXINl 
is a registered 
trademark 
of Maxim 
Integrated 
Products. 
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Switches 


ABSOLUTE 
MAXIMUM 
RATINGS 


Voltages 
Referenced 
to V- 
V· 
(DG381-DG390) 
36V 


V· 
(DG381A-DG390A) 
44V 


GND 
25V 


Digital 
Inputs, 
Vs, Vo (Note 
1) 
-4V 
to (V· + 4V) or 
30mA, 
whichever 
occurs 
first. 


Current, 
Any 
Terminal 
Except 
S or D 
30mA 


Continuous 
Current, 
S or D 
30mA 


(Pulsed 
at lmsec, 
10% duty 
cycle 
max) 
100mA 


Storage 
Temperature 
(A & B Suffix) 
,. 
-65°C 
to 150°C 
" Device 
mounted 
with 
all leads 
soldered 
or welded 
to PC 


(C Suffix) 
-65°C 
to 125°C 
board. 


Stresses listed under "Absolute Maximum Ratings" may be applied (one at a lime) to devices without resulting in permanent damage. These are 
stress ratings only, and functional operation of the device at these or any other conditions above those indicated in the operational sections of the 
specifications is not implied. Exposure to absolute maximum ratings conditions for extended periods may affect device reliability. 
ELECTRICAL 
CHARACTERISTICS 
(V· = +15V, V- = -15V, 
GND 
= OV, TA = 25°C, 
unless 
otherwise 
indicated) 


Operating 
Temperature 
(A Suffix) 
-55°C 
to 125°C 


(B Suffix) 
-25°C 
to 85°C 


(C Suffix) 
0° C to 70° C 


Lead 
Temperature 
(Soldering 
10 sec.) 
+300° C 


Power 
Dissipation" 
Cerdip 
(K) 
(Derate 
llmW/oC 
above 
75°C) 
. 


Plastic 
DIP (J) (Derate 
6.5mW/oC 
above 
25°C) 
.. 


Metal 
Can 
(A) (Derate 
6mW/oC 
above 
75°C) 
.... 


825mW 
470mW 
450mW 


DG381·DG390A 
DG381·DG390B/C 
DG381A-DG390AA 
DG381A-DG390AB/C 
PARAMETER 
SYMBOL 
TEST 
CONDITIONS 
UNITS 
MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


(Note 
2)(Note 
3) 
(Note 2) (Note 3) 


Analog 
Signal 
Range 
VANALOG Is = 10mA, Vin = 0.8V or 4.0V 
-15 
15 
-15 
15 
V 


Orain-Source 
Is = -10mA, 
Vo = 10V 
30 
50 
30 
50 


ON Resistance 
roS(On) 
0 


Is = 10mA, Vo = -10V 
30 
50 
30 
50 


:z: 
Source 
OFF 
Vs = 14V, Vo = -14V 
0.1 
1 
0.1 
5 
() 
Leakage 
Current 
'SCoff) 
Vin = 0.8V 
Vs = -14V, Vo = 14V 
-1 
-0.1 
-5 
-0.1 
l-i 
or 
Drain 
OFF 
Vin = 4.0V 
Vs = -14V, Vo = 14V 
0.1 
1 
0.1 
5 
III 
lo(off) 
nA 
Leakage 
Current 
Vs = 14V, Vo = -14V 
-1 
-0.1 
-5 
-0.1 


Drain 
ON 
Vo = Vs = 14V 
0.1 
1 
0.1 
5 


Leakage 
Current 
lo(on) 
Vo = Vs = -14V 
-2 
-0.1 
-5 
-0.1 


Input 
Current! 
Vin = 5.0V 
-1 
-0.001 
-1 
-0.001 
I- 
Voltage 
High 
IINH 
Vin = 15V 
0.001 
~ 
0.001 
1 
1 
A. 
IJA 
! 
Input 
Current! 


IINL 
Vin = OV 
-1 
-0.001 
-1 
-0.001 
Voltage 
Low 


Turn-ON 
Time 
ton 
150 
300 
150 
300 


Turn-OFF 
Time 
toff 


See SWitching 
Time 
Test Circuit 
130 
250 
130 
250 


See Break-Before-Make 
ns 
Break-Before-Make 
Interval 
ton-toff 
Time 
Test Circuit 
50 
50 
DG387(A)/DG390(A) 
Only 


Charge 
Injection 
Q 
CL = 10nF, Roen = 00, 
Voen = OV 
12 
12 
pC 


() 
Source 
OFF 
CS(Ofl) 
Vs = OV 
14 
14 
i 
Capacitance 
f = lMHz, 


-e 
Drain 
OFF 
Vin = 0.8V 
Z 
Co(off) 
Vo = OV 
14 
14 
> 
Capacitance 
or 
C 
Vin = 4.0V 
pF 
Channel 
ON 
COlon) + 
Capacitance 
CS/on' 


Vs = Vo = OV 
40 
40 


Vin = OV 
6 
6 
Input 
Capacitance 
Gin 
f = lMHz 
Vin = 15V 
7 
7 


Off 
Isolation 
(Note 
4) 
62 
62 


Crosstalk 
Vin = OV, RL = lkO 
dB 


(Channel 
to Channel) 
Vs = 1 VAMS' f = 500kHz 
74 
74 


General Purpose CMOS Analog 
Switches 


ELECTRICAL CHARACTERISTICS 
(Continued) 


(v+ = +15V. v- = -15V, 
GND = OV, TA = 25°C. 
unless 
otherwise 
indicated) 


DG381-DG390A 
DG381-DG390B/C 
DG381A-DG390AA 
DG381A·DG390AB/C 
PARAMETER 
SYMBOL 
TEST 
CONDITIONS 
UNITS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


(Note 
2) (Note 
3) 
(Note 
2) (Note 
3) 


Positive 
Supply 
1+ 
0.23 
0.5 
0.23 
0.5 
mA 
Current 
Vin = 4V (One 
Input) 


~ 
Negative 
Supply 
r 
(All Others 
= 0) 
-10 
-0.001 
-100 
-0.001 
II. 
Current 
II. 


Positive 
Supply 
~ 
1+ 
0.001 
10 
0.001 
100 
pA 
III 
Current 


Negative 
Supply 
Vin = 0.8V (All 
Inputs) 


Current 
r 
-10 
-0.001 
-100 
-0.001 


ELECTRICAL 
CHARACTERISTICS 
(Over Temperature) 


(V+ = +15V, v- = -15V, 
GND = OV, TA = Over 
Temperature 
Range, 
unless 
otherwise 
indicated) 


DG381-DG390A 
DG381-DG390B/C 
DG381A·DG390AA 
DG381A-DG390AB/C 
PARAMETER 
SYMBOL 
TEST 
CONDITIONS 
UNITS 


MIN 
TYP 
MAX 
MIN 
TYP 
MAX 


(Note 
2) (Note 
3) 
(Note 
2) (Note 
3) 


Analog 
Signal 
Range 
VANALOG Is = 10mA, Vin = 0.8V or 4.0V 
-15 
15 
-15 
15 
V 


Drain-Source 
Is = -10mA, 
Vo = 10V 
75 
75 


ON Resistance 
roS(On) 
. 
0 
Is = 10mA, Vo = -10V 
75 
75 


Source 
OFF 
Vs = 14V, Vo = -14V 
100 
100 
:I: 
IS(Off) 
CJ 
Leakage 
Current 
Vin = 0.8V 
Vs = -14V, Vo = 14V 
-100 
-100 
~i 
or 
Drain 
OFF 
Vin = 4.0V 
Vs = -14V, Vo = 14V 
100 
100 
III 
10(Offl 
nA 
Leakage 
Current 
Vs = 14V, Vo = -14V 
-100 
-100 


Drain 
ON 
Vo = Vs = 14V 
100 
100 


Leakage 
Current 
lo(on) 
Vo = Vs = -14V 
-200 
-200 


Input 
Current! 
Vin = 5.0V 
-1 
-10 
~ 
Voltage 
High 
IINH 
Vin = 15V 
1 
10 
~ 
II. 
pA 
! 
Input 
Current! 


IINL 
Vin = OV 
-1 
-10 
Voltage 
Low 


Positive 
Supply 
1+ 
1 
1.5 
mA 
Current 
Vin = 4V (One 
Input) 
~ 
Negative 
Supply 
r 
(All Others 
= 0) 


-100 
-200 
II. 
Current 
II. 


Positive 
Supply 
~ 
1+ 
100 
200 
pA 
III 
Current 


Negative 
Supply 
Vin = 0.8V (All 
Inputs) 


Current 


1- 
-100 
-200 


Note 
1: 
Signals 
on Sx, Ox. or 
INx exceeding 
V+ or V- will 
be clamped 
by internal 
diodes. 
Limit 
diode 
forward 
current 
to 


maximum 
current 
ratings. 


Note 2: 
The algebraic 
convention 
whereby 
the most negative 
value 
is a minimum, 
and the most positive 
value 
is a maximum 
is used 
in this 
data 
sheet. 
~ 
Note 3: 
Typical 
values 
are for 
DESIGN 
AID 
ONLY, not guaranteed 
nor subject 
to production 
testing. 
~ 


Note 4: 
OFF 
isolation 
= 20 log~ 
, Vs = input 
to OFF switch, 
Vo = Output. 


Vo 
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100 


80 


Vi 
80 
:IE::e. 
~ 40 
;;;e 


20 


V· = +15V _ 
V- = -15V 


+125'C -f- - 


+25' 


55'C 


I 
o 
-15 
-10 
-5 
0 
5 
10 
15 


ORAIN VOLTAGEIVOlTS) 


220 


200 


180 
ff 160 
;;;140 
~12O 
li 100 
~ 
so 
:i 80 
en 
40 
20 
o 
-55 -35 
-15 
5 
25 
45 
65 
85 
105 125 


TEMPERATURE I'C) 


V· = +15V 
I 


V- = -15V 
I 
VINH= +4.0V 
,fill' 
••• 
VINl = OV .>- 
,fill' 


.-"'" 
~F 
..- "". 


100 


80 
Vi~ 
60 
e. 
§ 
~ 
40 


20 


A) V· = +151( V' = -15V 
-f- 


8) V· = +IOV. V- = -IOV 
CI V· = +7.5V. V- = -7.5V 
-f- 


01 V· = +5V, V' = -5V 
J'D 
~ 
•• 
C 
_.. 
8 
... 
•... 


A 
:A = +25'C 
- 


~ 
80 


z:c5 
60 
c~ 
~ 
40 
c, 


~1~20 


10' 
10' 


FREQUENCY IHzl 


-15 
-10 
-5 
0 
5 
10 
15 


DRAIN VOLTAGEIVOLTS) 


SWITCHING 
TIME 
~ 
vs, POSITIVE 
SUPPLY VOLTAGE 


IE 
500 


i=~ 
400 
"".. 
~ 
c 
~ 
300 
IE 
co 
i= 
'" 
'" 
~ 
200 
z: 
%u 
>- 


IE 
:i 
i= 
100 
en 


'"z~ 
0 
>- 
~ 
0 
10 
15 


POSITIVE SUPPLY VOLTAGEIVOlTSI 


SWITCHING 
TIME 
vs. NEGATIVE 
SUPPLY VOLTAGE 


250 
.' 
V· = +15V 
_ 
TA = +25'C 
VINH= +4.0V - 
VINl = OV 
- 
~ 
tON 


IOFF - 


NEGATIVE SUPPLY VOLTAGE(VOlTSI 
Test Circuits 


VCEN 
~ 


Vo 
I C"10nF 


'4V 


IN~---;-\ 
t;; 
_.~ 


ov 


General Purpose CMOS Analog 
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V1NHr----' 
+4V 


OV -----if 
50% 
\ 
_ 


v" 


SWITCH 


0, 
OUTPUT 


v" 
v" 


CLI 
33pf 


lOGIC 
INPUT 


:~~~~~ 
OV 
I 
D-t>-J 


Application 
Information 


The on resistance 
variation 
with 
analog 
signal 
and 


supply 
voltage 
is shown 
in the 
Typical 
Operating 


Characteristics 
graphs. 
The temperature 
coefficient 


of 
ROto! 
is typically 
0.5%/oC. 
Typical 
on 
resistance 


matching from channel to channel is 10%. In addition, 
Table 1 outlines 
some typical 
parameters 
for single 


supply operation. 


All 
DG381 family 
switches 
will 
operate 
with 
±5 to 
±15V 
power 
supplies. 
They 
can also 
be used with 


single 
ended 
power 
supplies 
ranging 
from 
+10V to 


+30V where the V- terminal 
is connected 
to ground. 


In either case analog 
signals 
ranging 
from V· to V- 


can be switched. 


or SUPPLY 
YOLTAGE 
(Y- = OY) 
+10Y 
+15Y 
+20Y 
+30Y 


Switching 
Time 
(RL = 1kO) 
tON 
190ns 
150ns 
110ns 
70ns 
tOFF 
40ns 
40ns 
40ns 
40ns 


On Resistance 
VSIGNAL= +1V 
710 
510 
420 
310 
VSIGNAL= V+/2 
770 
540 
430 
300 
VSIGNAL= V+ 
B40 
630 
540 
430 


Input 
Logic 
Levels 
0.BV,4.0V 
0.BV,4.0V 
0.BV,4.0V 
0.BV,4.5V 


The charge injection 
test circuit 
is shown in Figure 1. 
Table 2 lists the typical 
injected 
charge 
for 
DG381 


series switches with various input voltages. 
ANALOG 
INPUT 
INJECTED 
Q 


+10V 
4pC 


+5V 
BpC 


OV 
12pC 


-5V 
BpC 


-10V 
5pC 
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9 


0.108" 


~------ 
2.74mm --------- 


PART 
TEMP. RANGE 
PACKAGE 


DG381 AC/D 
O°C to +70°C 
Dice 


DG381ACJ 
O°C to +70°C 
14 Lead 
Plastic 
DIP 


DG381 ACWE 
O°C to +70°C 
16 Lead 
Wide 
SO 


DG381ACK 
O°C to +70°C 
14 Lead 
CERDIP 


DG381ABWE 
-25°C 
to +85°C 
16 Lead 
Wide 
SO 


DG381ABK 
-25° C to +85° C 
14 Lead 
CERDIP 


DG381 ABA 
-25° C to +85° C 
10 Lead 
Metal 
Can 


DG384C/D 
O°C to +70°C 
Dice 


DG384CJ 
O°C to +70°C 
16 Lead Plastic 
DIP 


DG384CWE 
O°C to +70°C 
16 Lead 
Wide 
SO 


DG384CK 
O°C to +70°C 
16 Lead CERDIP 


DG384BWE 
-25° C to +85° C 
16 Lead 
Wide 
SO 


DG384BK 
-25° C to +85° C 
16 Lead CERDIP 


DG384AK 
-55°C 
to +125°C 
16 Lead 
CERDIP 


DG384AC/D 
O°C to +70°C 
Dice 


DG384ACJ 
O°C to +70°C 
16 Lead 
Plastic 
DIP 


DG384ACWE 
O°C to +70°C 
16 Lead 
Wide 
SO 


DG384ACK 
O°C to +70°C 
16 Lead 
CERDIP 


DG384ABWE 
-25°C 
to +85°C 
16 Lead 
Wide 
SO 


DG384ABK 
-25°C 
to +85°C 
16 Lead CERDIP 


DG387C/D 
O°C to +70°C 
Dice 


DG387CJ 
O°C to +70°C 
14 Lead 
Plastic 
DIP 


DG387CWE 
O°C to +70°C 
16 Lead 
Wide 
SO 


DG387CK 
O°C to +70°C 
14 Lead 
CERDIP 


DG387BWE 
-25° C to +85° C 
16 Lead Wide 
SO 


DIE PAD 
DG381 
DG387 
DG384/390 
DG381A 
DG387A 
DG384A1390A 


a 
N.C. 
N.C. 
S3 
b 
01 
01 
03 
c 
01 
S1 
01 
d 
S1 
IN1 
S1 
e 
IN1 
IN1 
IN1 
f 
V· 
V· 
V· 


9 
GND 
GND 
GND 
h 
V- 
V- 
V- 


i 
IN2 
GND 
IN2 
j 
S2 
V- 
S2 
k 
02 
S2 
D2 
I 
02 
02 
04 
m 
N.C. 
N.C. 
S4 
n 
V· 
V· 
V· 


PART 
TEMP. 
RANGE 
PACKAGE 


DG387BK 
-25° C to +85° C 
14 Lead 
CERDIP 


DG387BA 
-25° C to +85° C 
10 Lead 
Metal 
Can 


DG387AK 
-55°C 
to +125°C 
14 Lead 
CERDIP 


DG387AA 
-55°C 
to +125°C 
10 Lead 
Metal 
Can 


DG387AC/D 
O°C to +70°C 
Dice 


DG387ACJ 
O°C to +70°C 
14 Lead 
Plastic 
DIP 


DG387ACWE 
O°C to +70°C 
16 Lead 
Wide 
SO 


DG387ACK 
O°C to +70°C 
14 Lead 
CERDIP 


DG387ABWE 
-25° C to +85° C 
16 Lead 
Wide 
SO 


DG387ABK 
-25° C to +85° C 
14 Lead 
CERDIP 


DG387ABA 
-25° C to +85° C 
10 Lead 
Metal 
Can 


DG390C/D 
O°C to +70°C 
Dice 


DG390CJ 
O°C to +70°C 
16 Lead 
Plastic 
DIP 


DG390CWE 
O°C to +70°C 
16 Lead 
Wide 
SO 


DG390CK 
O°C to +70°C 
16 Lead CERDIP 


DG390BWE 
-25° C to +85° C 
16 Lead 
Wide 
SO 


DG390BK 
-25° C to +85° C 
16 Lead CERDIP 


DG390AK 
-55°C 
to +125°C 
16 Lead CERDIP 


DG390AC/D 
O°C to +70°C 
Dice 


DG390ACJ 
O°C to +70°C 
16 Lead 
Plastic 
DIP 


DG390ACWE 
O°C to +70°C 
16 Lead 
Wide 
SO 


DG390ACK 
O°C to +70°C 
16 Lead CERDIP 


DG390ABWE 
-25° C to +85° C 
16 Lead 
Wide 
SO 


DG390ABK 
-25° C to +85° C 
16 Lead 
CERDIP 


~~I~JXI~~I 
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_______ 
General Description 


The 
IH5040 
family 
consists 
of 
six 
CMOS 
analog 


switches 
that 
are 
intended 
for 
general 
purpose 


applications. 
These 
switches 
are 
latch-up 
proof, 
break-before-make 
single and dual versions of all the 


popular switch formats - 
SPST, SPDT, and DPST. Key 


features of the family 
include 
low leakage current 
of 
1nA and quiescent 
current of less than 1J.LA. 


Maxim IH5040 family has faster switching 
times than 


the original 
manufacturer's 
devices. All devices are 


bi-directional 
and 
maintain 
almost 
constant 
ON 


resistance 
throughout 
their 
operating 
range. These 


devices 
are guaranteed 
to operate 
from 
±4.5V 
to 


±18V, and will switch 
input signals 
that include 
the 


supplies. 


PBX,PABX 


Disc Drives 


Guidance 
and Control 
Systems 


Test Equipment 


Sample and Holds 


Military 
Radios 


Improved Sample & Hold 
Using IH5043 


____________ 
Features 


• 
Improved 
2nd Sourcel 
(See 3rd page for 
"Maxim 
Advantage 
T 
."). 


• 
Guaranteed 
±4.5V to ±18V Operation 


• 
Input Voltage Range Includes 
Supplies 


• 
Latch-Up 
Proof Construction 


• 
TTL, CMOS 
Logic Compatible 


• 
Quiescent 
Current 
Less Than 1J.LA 


• 
Monolithic 
Low Power CMOS 
Design 
_______ 
Ordering Information 


PART 
TEMP. RANGE 
PACKAGE 


SINGLE POLE SINGLE THROW (SPST) 


IH5040C/D 
O°C to +70°C 
DICE 


IH5040CJE 
O°C to +70°C 
16 Lead CERDIP 


IH5040CPE 
O°C to +70°C 
16 Lead Plastic DIP 


IH5040CWE 
O°C to +70°C 
16 Lead Wide SO 


IH5040M/D 
-55°C to +125°C 
DICE 


IH5040MJE 
-55°C to +125°C 
16 Lead CERDIP 


DUAL SINGLE POLE SINGLE THROW (DUAL SPST) 


IH5041C/D 
O°C to +70°C 
DICE 


IH5041CJE 
O°C to +70°C 
16 Lead CERDIP 


IH5041CPE 
O°C to +70°C 
16 Lead PI,astic DIP 


IH5041CTW 
O°C to +70°C 
10 Lead Metal Can 


IH5041CWE 
O°C to +70°C 
16 Lead Wide SO 


IH5041 MID 
-55°C to +125°C 
DICE 


IH5041MJE 
-55°C to +125°C 
16 Lead CERDIP 


IH5041MTW 
-55°C to +125°C 
10 Lead Metal Can 


SINGLE POLE DOUBLE 
THROW (SPOT) 


IH5042C/D 
O°C to +70°C 
DICE 


IH5042CJE 
O°C to +70°C 
16 Lead CERDIP 


IH5042CPE 
O°C to +70°C 
16 Lead Plastic DIP 


IH5042CWE 
O°C to +70°C 
16 Lead Wide SO 


IH5042M/D 
-55°C to +125°C 
DICE 


IH5042MJE 
-55°C to +125°C 
16 Lead CERDIP 


DUAL SINGLE POLE DOUBLE THROW (DUAL SPOT) 


IH5043C/D 
O°C to +70°C 
DICE 


IH5043CJE 
O°C to +70°C 
16 Lead CERDIP 


IH5043CPE 
O°C to +70°C 
16 Lead Plastic DIP 


IH5043CWE 
O°C to +70°C 
16 Lead Wide SO 


IH5043M/D 
-55°C to +125°C 
DICE 


IH5043MJE 
-55°C to +125°C 
16 Lead CERDIP 


The "Maxim Advantage'·" 
signifies 
an upgraded 
quality 
level. At no additional 
cost we offer a second-source 
device that is subject 
to the following: 
guaranteed 
performance 
over temperature 
along with tighter 
test specifications 
on many key parameters; 
and device enhancements, 
when needed, 
that result in improved 
performance 
without 
changing 
the functionality. 


Current (Any Terminal) 
< 30mA 


Storage Temperature 
.................•...... 
-65°C to +150°C 


Operating 
Temperature 
..................•... 
-55°C to +125°C 
Power Dissipation 
450mW 


(All Leads Soldered to a PC. Board) 
Derate 6mW/oC 
Above +70°C 
Lead Temperature 
(Soldering, 
10 see) ..... 
,............ 
300°C 


Voltages 
V+ - V- .................•.........•.....•........... 
< 38V 
V+ - VD 
< 30V 


Note 1: 
Signals 
on S, D and digital 
inputs which exceed V- or V+ will be clamped 
by internal 
diodes. Limit forward 
diode current 
to 


30mA maximum. 


VD- V- ........•.........•..•......•................ 
<30V 


VD- Vs .....•......•..•......•..•......•..•....... 
< ±22V 


VL- V- 
........•......•............•......•..•...... 
< 33V 


VL - V'N 
........•..•......•..•.........•......•..... 
< 30V 


VL- GND . . .. . . . . .. . . 
. . ..•. 
. 
. 
< 20V 


V,N- GND 
.........•................................ 
< 20V 


Digitai Inputs 
.. .. . . .. . 
. . . . .. 
(V~ + 0.3V) to (V+ - 38V) 


Vs or VD 
.. 
-0.3V to (V+ + 0.3V) (Note 1) 


Stresses above those listed under 'Absolute 
Maximum 
Ratings" may cause permanent 
damage to the device. These are stress ratings only and functional 
operation 
of the device at these or any other conditions 
above those indicated in the operational 
sections of the specifications 
is not implied. Exposure to 
absolute maximum 
rating conditions for extended periods may affect device reliability. 


ELECTRICAL CHARACTERISTICS 
(V+ = +15V,v- = -15V, VL= +5V, TA= +25°C unless otherwise indicated) 


MIN./MAX. LIMITS 


PARAMETER 
SYMBOL 
TEST CONDITIONS 
MILITARY 
COMMERCIAL 
UNITS 


-55°C 
+25°C 
+125°C 
O°C 
+25°C 
+70°C 


Input Logic Current 
I,NION) 
V'N = 2.4V (Note 1) 
±1 
±1 
10 
±1 
±1 
10 
p.A 


Input Logic Current 
I,NIOFF) 
V'N = 0.8V (Note 1) 
±1 
±1 
10 
;tl 
., 
±1 
10 
p.A 


Drain-Source 
On Resistance 
rDSION) 
Is = 10mA 
75 
75 
; 50 \~ 1'''80 
80 
130 
II 
VANALOG= -10V to +10V 


Channel 
to Channel 
.lrDSION) 
25 (tyP)'Y 
30 (typ) 
II 
rDSION)Match 


Minimum 
Analog 
Signal 
±H 
'" 
±10 
Handiing 
Capability 
VANAlOG 
f1 (typ) ," 
(typ) 
V 


Switch 
OFF Leakage Current 
ID/I SIOFF)VANALOG= -10V to +10V 
I"""'" 
N 
100 
±5 
100 
nA 


ID1ON) 
VD = Vs = -10V to +10V " 
~ 
,-. 


Switch 
ON Leakage Current 
+ ISION) 
i~ 
±2 
200 
±10 
100 
nA 


Switch 
"ON" Time 
tON 
RL=lkll, 
I;" 
750 
;000 
ns 
VANALOG= -10V\to 
+10V. 


RL = lkll, 
.• 


Switch 
"OFF" Time 
tOFF 
VANALGG,=~10V{0 +10V. 
350 
500 
ns 


Charge 
Injection 
Q11NJ) 
" 
"x" 
15 (typ) 
20 (typ) 
mV 


Minimum 
Off Isolation 
Ol~~.~ 


f.='lMHz, 
RL = 1Q0ll, 
54 (typ) 
50 (typ) 
dB 
Rejection 
Ratio 
Ct::;.5pF 


V+ Power Supply 
',+" 
•I.','" 


1 
1 
10 
10 
10 
100 
p.A 
Quiescent 
Current 
~h~'~~<O 


V 
Power Supply 
(, ." 
I-~ 
V+ = +15V, V 
= -15V, 
Quiescent 
Current 
VL = +5V 
1 
1 
10 
10 
10 
100 
p.A 


+5V Supply 
.. 


Quiescent 
Current 
I-La 
1 
1 
10 
10 
10 
100 
p.A 


Ground 
Supply 
IGND 
1 
1 
10 
10 
10 
100 
p.A 
Quiescent 
Current 


Minimum 
Channel 
to 


Channel 
Cross Coupling 
CCRR 
One Channel 
Off, 
54 (typ) 
50 (typ) 
dB 
Rejection 
Ratio 
I 


The electrical 
characteristics 
above are a reproduction 
of a portion of Intersil's copyrighted 
1986 Component 
Data Catalog. 
This information 
does not 
constitute 
any representation 
by Maxim 
that Intersi/'s 
products 
will perform 
in accordance 
with these specifications. 
The "Electrical 
Characteristics 
Table" along with descriptive excerpts from the original manufacturer's 
data sheet have been included in this data sheet solely for comparative 
purposes. 


~"I~JX I~"I 
I. 


General Purpose CMOS Analog Switches 


• 
Guaranteed 
±4.5V to ±18V Operation 
• 
Guaranteed 
To Switch 
Signals 
Up To Either Supply 


• 
Faster Switching 
Speeds 


ABSOLUTE MAXIMUM RATINGS: 
This device conforms to the Absolute Maximum Ratings on the adjacent page. 


ELECTRICAL CHARACTERISTICS: 
Specifications below satisfy or exceed all "tested" parameters on adjacent page. 


(v+; 
+15V,v-; 
-15V, vL; 
+5V,TA; +25°C unless otherwise indicated) 


MIN./MAX. LIMITS 


PARAMETER 
SYMBOL 
TEST CONDITIONS 
MILITARY 
COMMERCIAL 
UNITS 


-55°C 
+25°C 
+125°C 
O°C 
+25°C 
+70°C 


Input Logic Current 
'INION) 
V,N; 2.4V (Note 1) 
±1 
±1 
10 
±1 
±1 
10 
IJ.A 


Input Logic Current 
I,NIOFF) 
V,N; 0.8V (Note 1) 
±1 
±1 
10 
±1 
±1 
10 
IJ.A 


Input Logic Low 
V'L 
08 
0.8 
0.8 
0.8 
0.8 
0.8 
V 


Input Logic High 
V,H 
2.4 
2.4 
2.4 
2.4 
2.4 
2.4 
V 


Drain-Source 
On Resistance 
rOSION) 


Is; 
10mA, 
75 
75 
150 
80 
80 
130 
II 
VANALOG;-10V to +10V 


Channel to Channel 
..IrOSION) 
3 (typ) 
5 (typ) 
II 
rOSION)Match 


Minimum 
Analog Signal 
VANALOG 
±15 
±15 
V 
Handling 
Capability 


Switch OFF Leakage Current 
10/lsIOFF) VANALOG;-10V to +10V 
±1 
100 
±5 
100 
nA 


Switch ON Leakage Current 
1010N)+ 
Vo; 
VS; -10V to +10V 
±2 
200 
±10 
100 
nA 
ISION) 


Switch "ON" Time 
tON 
Fig. A 
400 
400 
ns 


Switch "OFF" Time 
tOFF 
Fig. A 
200 
200 
ns 


Charge Injection 
Q1INJ) 
Fig. B (Note 2) 
15 
20 
mV 


Minimum 
Off Isolation 
OIRR 
Fig. C, CL < 5pF 
54 (typ) 
50 (typ) 
dB 
Rejection 
Ratio 


V+ Quiescent 
Current 
1+0 
1 
1 
10 
10 
10 
100 
IJ.A 


V- Quiescent 
Current 
I-a 
1 
1 
10 
10 
10 
100 
IJ.A 


+5V Quiescent 
Current 
ILQ 
1 
1 
10 
10 
10 
100 
IJ.A 


Ground Quiescent 
Current 
IGNO 
1 
1 
10 
10 
10 
100 
IJ.A 


Min. Channel to Channel 
CCRR 
One Channel Off 
54 (typ) 
50 (typ) 
dB 
Cross Coupling 
Rej. Ratio 
(Note 2) 


Power Supply Range 
VOP 
Min. (Note 3) 
±4.5 
±4.5 
V 
For Continuous 
Operation 
Max. (Note 3) 
±18 
±18 


ANALDGINPUT 


-IO'1lD'IO'1 
n~--l 


LOGIC~ 
±FUT 
INPUT 


I~F* 
-:-lkO 


ANALOG 
INPUT 
fi-I\ •..... 
R 


LOGIC~C 
INPUT 
.1 - YoUT 
1n~F* 


LOGICINPUT TO fA 
'l'I 
TURNCHANNEL··OW 
510 
'V 
AT I~~ 
r-Dt>- 
- 
- 
-:- 
t------:. 
YoUT 
- 
1 


1000 


General Purpose CMOS Analog Switches 


IH504DSPST 
DIP (JE. PE. WE) 


Vl 
v. 


IH5041 Dual SPST 
DIP (JE. PE. WE) 


VL 
V+ 


14 


GND 
V- 


IH5D43 Dual SPDT 
IH5D44 DPST 


DIP (JE. PE. WE) 
DIP (JE. PE. WE) 
v, 
V· 
v, 
V· 


81 
D1 
16 
8, 
8, 
D, 
8, 
D, 
8, 


IN, 
8, 
D, 
IN, 


IN, 
IN, 
IN 


8, 
D, 
8, 
8. 
D. 
8. 


GND 
V· 
GND 
V- 


PART 
TEMP. RANGE 
PACKAGE 


DOUBLE 
POLE SINGLE THROW (DPST) 


IH5D44C/D 
DOCto +7DoC 
DICE 


IH5D44CJE 
DOCto +7DoC 
16 Lead CERDIP 


IH5D44CPE 
DOCto +7DoC 
16 Lead Plastic DIP 


IH5D44CWE 
DOCto +7DoC 
16 Lead Small Outline 


IH5D44M/D 
-55°C to +125°C 
DICE 


IH5D44MJE 
-55°C to +125°C 
16 Lead CERDIP 


DUAL DOUBLE POLE SINGLE THROW (DUAL DPST) 


IH5D45C/D 
DOCto +7DoC 
DICE 


IH5D45CJE 
DOCto +7DoC 
16 Lead CERDIP 


IH5D45CPE 
DOCto +7DoC 
16 Lead Plastic DIP 


IH5D45CWE 
DOCto +7DoC 
16 Lead Small Outline 


IH5D45M/D 
-55°C to +125°C 
DICE 


IH5D45MJE 
-55°C to +125°C 
16 Lead CERDIP 


For the IH5042 and IH5044 in 
10 Lead Metal Can Packag6 


Contact Factory. For a/l devices in Ceramic Flat Package Contact 
Factory. 


IH5041 Dual SPST 
To-100 Metal Can 


VL 
V+ 


IH5D45 Dual DPST 
DIP (JE. PE. WE) 


VL 
v· 


IH5042 SPDT 


DIP (JE. PE. WE) 


v, 
V· 


D, 
8, 
16 
D, 


8, 
D, 


I 
I 
IN 
oJ 


D, 


Table 1. USING THE 
5040 FAMILY WITH 
ONLY 2 SUPPLIES 


(V, tied to v+) 


SUPPLY 
MIN. LOGIC lIP 


VOLTAGES 
FOR "," 
STATE 


±15V 
±12V 
±1DV 
±5V 


+12.6V 
+9.6V 
+7.6V 
+2.6V 


Chip Tbpography 


I" 


01116" 
IZ67mmi 
8. 
8, 


T 


D, 


D, 
D, 


DOOr" 
IZ47mmi[ 


8, 


IN, 


IN, 
V· 
Vl 
GND V' 


Low Charge Injection CMOS Analog Switches 


_______ 
General Description 


Maxim's 
IH5048 Series 
of analog 
switches 
are de- 


signed 
for 
low 
charge 
injection 
and 
low 
leakage. 


They feature extremely low on resistance (350 typical) 
as well as quiescent 
power supply current below 11lA. 


The switch 
control 
inputs 
are fully 
compatible 
with 


both CMOS and TTL logic. 


These switches 
are pin-for-pin 
replacements 
of the 


original 
manufacturer's 
devices 
with 
specification 


improvements 
in analog signal range and switch 
ON 


and OFF times. 
They 
are also compatible 
with 
the 


IH5040 family 
of analog switches. 
The IH5048 series 


is supplied 
in 16 pin Dual-In-Line 
and Small Outline 


packages. 


Precision 
Sample/Hold 
Circuits 


Transducer 
and Sensor Switching 


Low Level Signal Conditioning 


Battery 
Powered 
Instrumentation 


Programmable 
Gain Amplifiers 


• 
Low Charge 
Injection (10pC Typ.) 


• 
Quiescent Current 
Below 11lA 


• 
TTL and CMOS 
Compatible 


• 
Low On Resistance (400 
Max.) 


• 
Latch-Up 
Proof Construction 


PART 
TEMP. RANGE 
PACKAGE 


IH5046C/D 
O°C to +70°C 
Dice 


IH5046CPE 
O°C to +70°C 
16 Lead 
Plastic 
DIP 


IH5046CWE 
O°C to +70°C 
16 Lead 
Wide 
SO 


IH5046CJE 
O°C to +70°C 
16 Lead 
CERDIP 


IH5046M/D 
-55°C 
to +125°C 
Dice 


IH5046MJE 
-55°C 
to +125°C 
16 Lead 
CERDIP 


The 
"Maxim 
Advantage'·" 
signifies 
an upgraded 
quality 
level. 
AI 
no 
additional 
cost 
we offer 
a second-source 
device 
that 
is subject 
to the 
following: 
guaranteed 
performance 
over 
temperature 
along 
with 
tighter 
test 
specifications 
on 
many 
key 
parameters; 
and 
device 
enhancements, 
when 
needed, 
thai 
result 
in improved 


performance 
without 
changing 
the 
functionality. 


Current 
(Any 
Terminal) 
30mA 
Storage 
Temperature.................. 
-65°C 
to +150°C 
Operating 
Temperature 
-55°C 
to +125°C 
Power 
Dissipation 
450mW 
(All 
Leads 
Soldered 
to a P.C. Board) 
Derate 
6mW/oC 
Above 
+70°C 
Lead Temperature 
(Soldering, 
10 see) 
300°C 


Voltages 
V· - V- 
...............•................•.•....... 
36V 
V· - V0 .............•.•.............•..•......... 
30V 
V0 - V- 
...............•..................•....... 
30V 
V0 - Vs 
..............•..................•...... 
±28V 
VL - V- 
...............•.•..............•......... 
33V 
VL - V1N ..............•.........•......•......... 
30V 
VL - GND 
..........•............................ 
20V 
V1N - GND 
20V 
Digital 
Inputs 
(V· + 0.3V) 
to (V· - 3BV) 
Vs or Vo 
-0.3V 
to (V· + 0.3V) 
(Note 
1) 


Note 
1: Signals 
on S, D and digital 
inputs 
which 
exceed 
V- 


or 
V· 
will 
be 
clamped 
by 
internal 
diodes. 
Limit 
forward 
diode 
current 
to 30mA 
maximum. 


Stresses 
listed 
under 
"Absolute 
Maximum 
Ratings" 
may 
be applied 
(one 
at a time) 
to devices 
without 
resulting 
in permanent 
damage. 
These 
are 
stress ratings 
only, and (unctional 
operation 
of the device at these or any other conditions 
above 
those indicated 
;n the operational 
sections 
of the 
specifications 
is not implied. 
Exposure 
to absolute 
maximum 
ratings 
conditions 
for extended 
periods 
may affect 
device 
reliability. 


ELECTRICAL 
CHARACTERISTICS 


(V· 
= +15V, V- = -15V, VL = +5V, TA = 25°C 
unless 
otherwise 
indicated) 


MIN.lMAX. 
LIMITS 


PARAMETER 
SYMBOL 
TEST 
CONDITIONS 
MILITARY 
COMMERCIAL 
UNITS 


-55°C 
+25°C 
+125°C 
DOC 
+25°C 
+7DoC 


Input 
Logic 
Current 
INION) 
V1N= 2.4V 
±1 
±1 
10 
±1 
±1 
10 
pA 


Input 
Logic 
Current 
IINIOFF) 
V1N= O.BV 
±1 
±1 
10 
±1 
±1 
10 
pA 


Drain-Source 
On Resistance 
rOSION) 


Is = 10mA 
40 
60 
45 
75 
° 
VANALOG= -10V to +10V 


Channel 
to Channel 
.torOSION) 
15 (typ) 
15 (typ) 
° 
rOSION)Match 


Minimum 
Analog 
Signal 
VANALOG 
±10 
±10 
V 
Handling 
Capability 


Switch 
OFF Leakage 
Current 
loI'SIOFFl 
VANALOG= -10V to +10V 
±1 
100 
±5 
100 
nA 


Switch 
ON Leakage 
Current 
IOION) 
Vo = Vs = -10V to +10V 


;. 


±2 
200 
±10 
200 
nA 


+ 
SlON) 


Switch 
"ON" 
Time 
tON 
RL = 1kO, 
500 
1000 
ns 
VANALOG= -10V to +10V 


Switch 
"OFF" 
Time 
tOFF 
RL = 1kO, 
250 
500 
ns 
VANALOG= -10V to +10V 


Charge 
Injection 
Q INJ) 
1 (typ) 
2 (typ) 
mV 


Minimum 
Off 
Isolation 
OIRR 
f = 1MHz, 
RL = 1000, 
54 (typ) 
50 (typ) 
dB 
Rejection 
Ratio 
CL ~ 5pF 


V· Power 
Supply 
,. 
1 
1 
10 
10 
10 
100 
pA 
Quiescent 
Current 
0 


V 
Power 
Supply 
I- 
V· = +15V, V- = -15V, 
1 
1 
10 
10 
10 
100 
pA 
Quiescent 
Current 
:- 
0 
VL = +5V 


+5V Supply 
.-<;! 


'-LO 
1 
1 
10 
10 
10 
100 
pA 
Quiescent 
Current 


Ground 
Supply 
IGNO 
1 
1 
10 
10 
10 
100 
pA 
Quiescent 
Current 


Minimum 
Channel 
to 
Channel 
Cross 
Coupling 
CCRR 
One Channel 
Off 
54 (typ) 
50 (typ) 
dB 
Rejection 
Ratio 


The electrical 
characteristics 
above are a reproduction 
of 8 portion 
of Intersil's 
copyrighted 
1987 Component 
Data 
Catalog. 
This information 
does 
not 
constitute 
any 
representation 
by 
Maxim 
that 
Intersil's 
products 
will 
perform 
in accordance 
with 
these 
specifications. 
The 
"Electrical 
Characteristics 
Table" along 
with descriptive 
excepts 
from the original 
manufacturer's 
data sheet have been included 
in this data sheet solely 
for 


comparative 
purposes. 


Low Charge Injection CMOS Analog Switches 


ABSOLUTE MAXIMUM RATINGS: This device 
conforms 
to the Absolute 
Maximum 
Ratings 
on the adjacent 
page. 


ELECTRICAL CHARACTERISTICS: 
Specifications 
below satisfy or exceed all "tested" 
parameters 
on adjacent 
page. 
(V' 
= +15V, V- = -15V, VL = +5V, TA = 25°C 
unless otherwise 
indicated) 


MIN.lMAX. 
LIMITS 


PARAMETER 
SYMBOL 
TEST 
CONDITIONS 
MILITARY 
COMMERCIAL 
UNITS 


-55°C 
+25°C 
+125°C 
O°C 
+25°C 
+70°C 


Input 
Logic 
Current 
IN(ON) 
V,N = 2.4V 
±1 
±1 
10 
±1 
±1 
10 
pA 


Input 
Logic 
Current 
I'N/OFF) 
V,N = O.BV, 
±1 
±1 
10 
±1 
±1 
10 
pA 


Input 
Logic 
Low 
V,L 
0.8 
0.8 
0,8 
0.8 
0.8 
0.8 
V 


Input 
Logic 
High 
V1H 
2.4 
2.4 
2.4 
2.4 
2.4 
2.4 
V 


Drain-Source 
On Resistance 
rOSIONj 


Is = 10mA 
40 
40 
60 
45 
45 
75 
Cl 
VANALOG= -10V to +10V 


Channel 
to Channel 
t.rOSION) 
B (typ) 
B (typ) 
Cl 
rOS(ON)Match 


Minimum 
Analog 
Signal 
VANALOG 
±14 
±14 
±14 
±14 
±14 
±14 
V 
Handling 
Capability 


Switch 
OFF Leakage 
Current 
loIIS(OFFj 
VANALOG= -10V to +10V 
±1 
100 
±5 
100 
nA 


Switch 
ON Leakage 
Current 
1010N) 
Vo = Vs = -10V to +10V 
±2 
200 
±10 
200 
nA 
+ 
S(ON) 


Switch 
"ON" 
Time 
tON 
Fig. A 
400 
600 
ns 


Switch 
"OFF" 
Time 
tOFF 
Fig. A 
200 
300 
ns 


Charge 
Injection 
Q'NJ 
Fig. B (Note 
2) 
10 (typ) 
10 (typ) 
pC 


Minimum 
Off 
Isolation 
OIRR 
Fig. C, CL < 5pF 
54 (typ) 
50 (typ) 
dB 
Rejection 
Ratio 


V' Quiescent 
Current 
I' 
1 
1 
10 
10 
10 
100 
pA 
Q 


V· Quiescent 
Current 
I" 
V'N = O.BV or 2.4V 
1 
1 
10 
10 
10 
100 
pA 
0 


V' 
= +15V, V· = -15V, 
+5V Quiescent 
Current 
I"LO 
VL = +5V 
1 
1 
10 
10 
10 
100 
pA 


Ground 
Quiescent 
Current 
IGNO 
1 
1 
10 
10 
10 
100 
pA 


Minimum 
Channel 
to 
One Channel 
Off 
Channel 
Cross 
Coupling 
CCRR 
54 (typ) 
50 (typ) 
dB 
Rejection 
Ratio 
(Note 
2) 


ANALOG 
INPUT 
-10V TO +10V 


+3V 
1 
ovTI 
__ 


LOGIC o-D-t>- iFOUT 
INPUT 


10PFI 
11<0 


ANALOG 
INPUT 


+3Vrt 
~ 
ovJ 
L 
-I. - 
~~;J~ 
o--Q-t>- r 
VOUT 


10nF 


QINJ 
= C x VOUT '*- 


LOGIC INPUT TO fR 
TURN CHANNEL "OFF" 
510 
'V 
A';~'MHZ 
r-D-t>-- 
- 
- 


":" 
'~VOUT 
- 
1 


1000 


Low Charge Injection CMOS Analog Switches 
_________________ 
Typical Operating Characteristics 


CHARGE 
INJECTION 
YS. 
VANALOG 
(See Fig. B) 


100 


80 


£ 
60 
Z 
0in 
40 
P 


20 


0 


TA 
= +25°C 
A: V· = +SV, V- = -SV, Vl = +SV 
B:V'=+1SV, 
V-=-1SV, 
Vl =+SV 
c: V· = +1SV, V- =OV, Vl = +1SV 
...-~ 
~ - 
B 


80 
U 
70 
,!!, 


Z 
60 
0~ 
so 
(,) 
w 
40 
..,~ 
30 
w 
Cla: 
20 
<I: 
1: 
10 
(,) 


TA=+2S"C, 
Vl=+SV, 
Cl=10nF 
V· = +1SV, V- = - 1SV 


-- -:--- 
-10 
-S 
0 
S 
10 


VANAlOG 
(V) 


OFF ISOLATION 
REJECTION 
RATIO (OIRR) 
(See Fig. C) 


_ 
-80 
III~ 
a: 
-60 
a: 
o -40 


-10 
-S 
0 
S 
10 


VANAlOG (V) 


-20 
OIRR 
= 20 LOG ~ 
YOUTH 
o 
-1 
10 
10 
1K 
10K 
100K 
1M 


FREQUENCY 
(Hz) 


__________ 
Logic Inputs 


The IH5048 family 
operates with plus/minus 
as well 
as single ended 
power supplies 
(with 
V- = OV). Full 
TTL compatibility 
is maintained 
for the control 
inputs 
over a wide power supply range when VL = +5V. When 
VL is connected 
to voltages other than +5V, the logic 


input thresholds 
are +O.8V for a logic LOW and VL 
- 
1V 
for a logic 
HIGH. 
This 
means that when 
VI- is 
connected 
to V· 
at voltages 
other 
than 
5V, CMOS 
logic levels should 
be used. 


________ 
Chip Topography 


PART 
TEMP. RANGE 
PACKAGE 


IH5049C/D 
O°C to +70°C 
Dice 


IH5049CPE 
O°C to +70°C 
16 Lead 
Plastic 
DIP 


IH5049CWE 
O°C to +70°C 
16 Lead 
Wide 
SO 


IH5049CJE 
O°C to +70°C 
16 Lead 
CERDIP 


IH5049M/D 
-55°C 
to +125°C 
Dice 


IH5049MJE 
-55°C 
to +125°C 
16 Lead 
CERDIP 


IH5050C/D 
O°C to +70°C 
Dice 


IH5050CPE 
O°C to +70°C 
16 Lead 
Plastic 
DIP 


IH5050CWE 
O°C to +70°C 
16 Lead Wide 
SO 


IH5050CJE 
O°C to +70°C 
16 Lead 
CERDIP 


IH5050M/D 
-55°C 
to +125°C 
Dice 


IH5050MJE 
-55°C 
to +125°C 
16 Lead 
CERDIP 


IH5051C/D 
O°C to +70°C 
Dice 


IH5051CPE 
O°C to +70°C 
16 Lead 
Plastic 
DIP 


IH5051CWE 
O°C to +70°C 
16 Lead 
Wide 
SO 


IH5051CJE 
O°C to +70°C 
16 Lead 
CERDIP 


IH5051MID 
-55°C 
to +125°C 
Dice 


IH5051MJE 
-55°C 
to +125°C 
16 Lead 
CERDIP 


~~I~JXI~~I 
Low Power Fast CMOS Analog Switches 


_______ 
General Description 


The 
IH5140 
family 
consists 
of 
six 
CMOS 
analog 
switches 
that 
are 
intended 
for 
high 
speed 
general 
purpose 
applications. 
These 
switches 
are latch-up 
proof, 
break-before-make 
single 
and 
dual 
versions 
of all the popular 
switch 
formats 
- 
SPST, SPOT, and 
DPST 
Key features 
of the family 
include 
toggle 
rates 
in excess 
of 1MHz, 
tON times 
of 
BOns 
typical 
and 
tOFF times 
of 50ns. OFF leakage 
current 
is less than 
100pA 
maximum 
at +25°C 
and 
quiescent 
currents 
are 
1IJ.A maximum, 
making 
the 
switches 
ideal 
for 
portable 
equipment. 


Maxim 
has significantly 
improved 
the design of these 
switches 
versus 
the original 
manufacturer. 
Maxim's 
switches 
are guaranteed 
to operate 
from 
±4.5V 
to 
±1BV, and will 
switch 
input 
signals 
that 
include 
the 
supplies. 


__________ 
Applications 


High Speed Test Equipment 


Sample 
and Hold Circuits 


Guidance 
and Control 
Systems 


Radar Systems 


Aircraft 
Head-Up 
Displays 


Military 
Radios 


..1""1.. 


T'l 
lOGIC 
STROBE 


..1""1.. 


T'l 
lOGIC 
STROBE 


Using the CMOS Switch 
to Drive an R/2R 
Ladder Network 
(2 Legs) 


• 
Pin for Pin 2nd Sourcel 


• 
Break-Before-Make 
Switching 
Action 


• 
Fast tON (80ns typ.) and tOFF (SOns) 


• 
Input Signal 
Range Includes 
Supply 
Ralls 


• 
Guaranteed 
±4.5V to ±18V Operation 


• 
Low OFF Leakage 
Current 
-100pA 
max. 


• 
Greater than 1MHz Toggle 
Rate 


• 
TTL and CMOS Compatible 
_______ 
Ordering Information 


PART 
TEMP.RANGE 
PACKAGE 


SINGLEPOLESINGLETHROW(SPST) 


IH5140C/D 
O'C to +70'C 
DICE 


IH5140CJE 
O'C to +70'C 
16LeadCERDIP 


IH5140CPE 
O°Cto +70'C 
16Lead Plastic DIP 


IH5140CWE 
O'C to +70'C 
16 lead Wide SO 


IH5140M/D 
-55'C to +125'C 
DICE 


IH5140MJE 
-55'C to +125'C 
16lead CERDIP 


DUAL SINGLEPOLESINGLETHROW(DUAL SPST) 


IH5141C/D 
O'Cto +70'C 
DICE 


IH5141CJE 
O'Cto +70'C 
16lead CERDIP 


IH5141CPE 
O'C to +70'C 
16lead Plastic DIP 


IH5141CTW 
O'C to +70'C 
10 lead Metal Can 


IH5141CWE 
O'C to +70'C 
16 lead Wide SO 


IH5141M/D 
-55'C to +125'C 
DICE 


IH5141MJE 
-55°C to +125'C 
16lead CERDIP 


IH5141MTW 
-55'C to +125'C 
10lead Metal Can 


SINGLEPOLEDOUBLETHROW(SPOT) 


IH5142C/D 
O'C to +70'C 
DICE 


IH5142CJE 
O'C to +70'C 
16 lead CERDIP 


IH5142CPE 
O'C to +70°C 
16 lead Plastic DIP 


IH5142CWE 
O°Cto +70°C 
16 lead Wide SO 


IH5142M/D 
-55°C to +125'C 
DICE 


IH5142MJE 
-55'C to +125'C 
16lead CERDIP 


DUAL SINGLEPOLEDOUBLETHROW(DUAL SPOT) 


IH5143C/D 
O'Cto +70'C 
DICE 


IH5143CJE 
O'C to +70'C 
16 lead CERDIP 


IH5143CPE 
O'C to +70'C 
16 lead Plastic DIP 


IH5143CWE 
O°Cto +70'C 
16 lead Wide SO 


IH5143M/D 
-55'C to +125'C 
DICE 


IH5143MJE 
-55'C to +125'C 
16lead CERDIP 


Current (Any Terminal) 
.... 
< 30mA 
Storage Temperature .......•.........•...... 
-65°C to +150°C 
Operating Temperature 
-55°C to +125°C 
Power Dissipation .. 
. . . . . . . . . . . 
450mW 
(All Leads Soldered to a P.C.Board) 
Derate 6mW/oC Above +70°C 
Lead Temperature (Soldering, 10 see) .....•......•..... 
300°C 
Voltages 
V+ - V- .... 
V+ - Vo '" 


Vo - V- .........•..••..•..•..•......•..•............ 
<30V 
Vo - Vs .....•................•.................... 
< ±22V 
VL- V- ...................•..•...................... 
< 33V 
VL- V,N ...........•......•.........•.........•... 
< 30V 
VL- GND .................•......................... 
< 20V 
V,N- GND ... 
. ....•............................. 
< 20V 


Digital Inputs 
(V+ + 0.3V) to (V+ - 38V) 
Vs or Vo ...........•......•.... 
-0.3V to (V+ + 0.3V) (Note 1) 


Stresses above those listed under ''Absolute Maximum 
Ratings" may cause permanent 
damage to the device. These are stress ratings only and functional 
operation 
of the device at these or any other conditions 
above those indicated in the operational 
sections of the specifications 
is not implied. Exposure to 


absolute maximum rating conditions for extended periods may affect device reliability. 
ELECTRICAL CHARACTERISTICS 
(All Parameters with V+ = +15V,V- = -15V, VL= +5V,unless otherwise indicated) 


MIN./MAX. LIMITS 


PARAMETER 
SYMBOL 
TEST CONDITIONS 
MILITARY 
COMMERCIAL 
UNITS 


-55°C 
+25°C 
+125°C 
DOC 
+25°C 
+7DoC 


Input Logic Current 
llNH 
V'N = 2.4V (Note 2) 
±1 
±1 
10 
±1 
±1 
10 
JjA 


Input Logic Current 
I'NL 
V,N= 0.8V (Note 2) 
±1 
±1 
10 
±1 
±1 
10 
JjA 


Drain-Source 
On Resistance 
rOSION) 
Is = -10mA 
50 
50 
75 
75 
75 
100 
n 
VANALOG= -10V to +10V 


Channel to Channel 


~rOSION) 
3 (typ) 
5 (typ) 
n 
rOS(ON)Match 


Minimum Analog Signal 
VANALOG 
±15 
±15 
V 
Handling Capability 


Switch OFF Leakage Current 
'O(OFF) 
Vo = +10V, Vs = -10V 
0.1 
0.1 
100 
0.5 
0.5 
20 
nA 
+ IS(OFFI 
Vo = -10V, Vs = +10V 
0.1 
0.1 
100 
0.5 
0.5 
20 


Switch ON Leakage Current 
1010N) 
Vo = Vs = -10V to +10V 
0.2 
0.2 
200 
1 
1 
40 
nA 
+ IS10N) 


Switch "ON" Time 
tON 
See switching 
time specifications 
and timing diagrams. 
Switch "OFF" Time 
tOFF 


Charge Injection 
Q(INJ) 
(Note 3) 
10 (typ) 
15 (typ) 
pC 


Minimum Off Isolation 
OIRR 
f = 1MHz, RL = 10011, 
54 (typ) 
50 (typ) 
dB 
Rejection Ratio 
CL '" 5pF (Note 3) 


+ Power Supply 
1+ 
1.0 
1.0 
10.0 
10 
10 
100 
JjA 
Quiescent Current 


- Power Supply 
1- 
1.0 
1.0 
10.0 
10 
10 
100 
JjA 
Quiescent 
Current 
V+ = +15V. V- = -15V, 


+5V Supply 
VL= +5V 


Quiescent Current 
IL 
1.0 
1.0 
10.0 
10 
10 
100 
JjA 


Ground Supply 
IGNO 
1.0 
1.0 
10.0 
10 
10 
100 
JjA 
Quiescent Current 


Minimum Channel to 
Channel Cross Coupling 
CCRR 
One Channel Off (Note 3) 
54 (typ) 
50 (typ) 
dB 
Rejection Ratio 


±45 
±4.5 
Power Supply Range for 
VOP 
(Note 4) 
(min) 
(min) 
V 
Continuous Operation 
±18V 
±18V 
(max) 
(max) 


2. Some channels are turned on by high (1) logic inputs and other channels are turned on by low (0) inputs; however. 0.8V to 


2.4V describes the minimum range for switching 
properly. Refer to logic diagrams to find logical value of logic input 


required to produce ON or OFF state. 


3. Typical values are for design aid only. not guaranteed and not subject to production testing. 
4. Electrical characteristics, such as ON Resistance, will change when power supplies, other than ±15V, are used. 


Low Power Fast CMOS Analog Switches 


SWITCHING TIME SPECIFICATIONS 
(ton' taff are maximum 
specifications 
and ton-toft 
is minimum 
specifications) 


PART 
TEST 
MILITARY 
COMMERCIAL 


NUMBER 
CHARACTERISTICS 
SYMBOL 
CONDITIONS 
+2S·C 
+70·C 
UNITS 
-SS·C 
+2S·C 
+12S·C 
O·C 


Switch "ON" time 
ton 
100 
150 
Switch "OFF" time 
toft 
Figure 1 
75 
125 
ns 


IH5140- 
Break-belere-make 
ton-toft 
10 
5 
5141 
Switch "ON" time 
ton 
150 
175 
Switch "OFF" time 
toft 
Figure 2 
125 
150 
ns 


Break-belere-make 
ton-toft 
10 
5 


Switch "ON" time 
ton 
175 
250 
Switch "OFF" time 
tof1 
Figure 1 
125 
150 
ns 
Break-belere-make 
ton-tolf 
10 
5 


Switch "ON" time 
ton 
200 
300 
Switch "OFF" time 
tou 
Figure 2 
125 
150 
ns 


IH5142- 
Break-belere-make 
ton-toft 
10 
5 
5143 
Switch "ON" time 
ton 
175 
250 
Switch "OFF" time 
toff 
Figure 3 
125 
150 
ns 


Break-belere-make 
ton-toff 
10 
5 


Switch "ON" time 
ton 
200 
300 
Switch "OFF" time 
toft 
Figure 4 
125 
150 
ns 


Break-belera-make 
ton-toft 
10 
5 


Switch "ON" time 
ton 
175 
250 
Switch "OFF" time 
tau 
Figure 1 
125 
150 
ns 


IH5144- 
Break-belere-make 
ton-tofl 
10 
5 
5145 
Switch "ON" time 
ton 
200 
300 
Switch "OFF" time 
toff 
Figure 2 
125 
150 
ns 


Break-belere-make 
ton-toft 
10 
5 


I~F 
Iin 
J~ 


+10V 
'15V 
-+l"" 
""~ 
- 
~PUT 
I r:1:1, 


-15V 
~ 


_ 
I 
1'15V 
II 


.1;V 
OV~ 
lOGIC INPUT 
+15V 
~I 
~ 


~PUT 
OVI; 
I' 
1 __ 
.:' 
+IOV 
~~ 
-I f- ...•!I- 


ton 
totl 


Ion 
Ion 
I 'IOV 
I I 
I 
I 
90% II 


I 
I 
I 
Vour AD" 


-lovl 
I 
I 
10% 


~!_" 


~ 
~NPUT 
I 
II 


'3V 
~ 
T'llNPUT 


I~F 
Iin 
J~ 


·3V 
~ 


T'llNPUT 


Low Power Fast CMOS Analog Switches 


10 
Pin Configuration 
and Switching 
State Diagrams 
~ 
IH5140 SPST 
IH5141 Dual SPST 
IH5141 Dual SPST 
IH5142 SPDT 


'" 


DIP (JE, PE, WE) 
DIP (JE, PE, WE) 
TO-100 Metal Can 
DIP (JE, PE, WE) 


~ 


v, 
v· 
v, 
v· 
v, 
v· 
V, 
v· 


~ 


11 


~ 


5, 
0, 
5, 
0, 
5, 
16 
0, 


16 


('I 


IN, 
'N, 
5, 
0, 


~ 


I 
IN, 
IN, 
, 


IN 
IN 
oJ 


•••• 
5, 
0, 
5, 
0, 


~ 
14 
14 


~ 


v- 
GNo 
v- 
GNo 
v- 
v- 


•••• 
IH5143 Dual SPDT 
IH5144 DPST 
IH5145 Dual DPST 
Table 1. USING THE 


~ 


DIP (JE, PE, WE) 
DIP (JE, PE, WE) 
DIP (JE, PE, WE) 
5140 FAMILY WITH 
v, 
v· 
v, 
v· 
v, 
v· 
ONLY 2 SUPPLIES 


••••• 
11 
(VL tied to v+) 
5, 
0, 
16 
5, 
0, 


5, 
0, 
5, 
0, 
5, 
0, 
SUPPLY 
MIN, LOGIC liP 


VOLTAGES 
FOR "1" STATE 
IN, 
5, 
0, 
IN, 


±15V 
+12.6V 


IN, 
±12V 
+9.6V 
IN 
IN, 
±10V 
+7.6V 


5, 
0, 
5, 
0, 
±5V 
+2.6V 
5, 
0, 
5, 
0, 


14 


GNo 
v- 
GNo 
v- 
GNo 
v- 


PART 
TEMP. RANGE 
PACKAGE 


DOUBLE POLE SINGLE THROW (DPST) 


IH5144C/D 
O°C to +70°C 
DICE 


IH5144CJE 
O°C to +70°C 
16 Lead CERDIP 


IH5144CPE 
O°C to +70°C 
16 Lead Plastic DIP 


IH5144CWE 
O°C to +70°C 
16 Lead Wide SO 


IH5144M/D 
-55°C to +125°C 
DICE 


IH5144MJE 
-55°C to +125°C 
16 Lead CERDIP 


DUAL DOUBLE POLE SINGLE THROW (DUAL DPST) 


IH5145C/D 
O°C to +70°C 
DICE 


IH5145CJE 
O°C to +70°C 
16 Lead CERDIP 


IH5145CPE 
O°C to +70°C 
16 Lead Plastic DIP 


IH5145CWE 
O°C to +70°C 
16 Lead Wide SO 


IH5145M/D 
-55°C to +125°C 
DICE 


IH5145MJE 
-55°C to +125°C 
16 Lead CERDIP 


For the IH5142 and IH5144 in 
10 Lead Metal Can package 


contact factory. For all devices in Ceramic Flat Package contact 
factory. 


Chip 'lbpography 


I" 


0105" 


"I 
1~67mml 
5, 
5, 


T 


0, 


0, 
0, 


DOOr 
1~41mml[ 


5, 


IN, 


IN, 
v· 
v, 
GNo 
V- 


~~I~JXI~~I 
Dual/Quad RF/Video Switches 


_______ 
Genera' Description 


The IH5341 and the IH5352 are dual and quad, single 
pole single throw (SPST) switches designed specifically 
for switching 
RF and video signals. 
Maxim's 
IH5341 
and 
IH5352 
incorporate 
an enhanced 
series-shunt- 
series structure, 
providing 
70dB of OFF isolation 
and 
cross coupling 
rejection 
(an additional10dB 
compared 
with other manufacturers' 
products). 


Both devices can be operated with supplies ranging from 
±5Vto±15V. 
The switches 
typically 
have a tON = 160ns 
and a tOFF= 70ns, assuring 
break-before-make 
switch- 
ing. The channel 
thruput 
resistance 
of 500 
provides 
excellent 
matching 
to video impedances. 
In the D.C. 


state, with switches 
being either on or off, power supply 
quiescent 
currents 
are typically 
100nA. This limits the 
quiescent 
current 
drain to 3/l watts-ideal 
for portable 
equipment. 


__________ 
Applications 


These devices 
are used in applications 
requiring 
the 
routing, 
blocking 
or switching 
of video or RF signals 
such as: 


Winchester 
Disk Drives 
Commercial 
TV Cameras 
Video Special 
Effects 
Low Power RF Switching 
Radar Switching 
Mil and Space Communications 


+15V 
+5V 


RG-59 
5, 
D, 
RG·59 


750 


V" 
IN, 


-15V 
'::' 


750 Video Switch 


(Only one channel shown) 


• 
"OFF" Isolation;:::: 70dB @ 10MHz 


• 
Cross Coupling 
Isolation;:::: 70dB @ 10MHz 


• 
rds(on)< 750, < 3dB Loss from DC to 100 MHz 


• 
±5V to ±15V Operating 
Supply 
Range 


• 
Supply 
Currents < 1/lA 


• 
Fast, Break-Before-Make 
Switching 
(70ns/160ns 
typ.) 


• 
Monolithic, 
Low Power CMOS 
Design 


PART 
TEMP. RANGE 
PACKAGE 


IH5341CPD 
DOCto +7DoC 
14 Lead Plastic DIP 


IH53411JD 
-20°C to +85°C 
14 Lead CERDIP 


IH53411TW 
-20°C to +85°C 
10 Lead TO-1DD 


IH5341MJD 
-55°C to +125°C 
14 Lead CERDIP 


IH5341MTW 
-55°C to +125°C 
10 Lead TO-1DD 


IH5341C/D 
DOCto 70°C 
Dice 


IH5352CPE 
DOCto +7DoC 
16 Lead Plastic DIP 


IH53521JE 
-20°C to +85°C 
16 Lead 


IH5352MJE 
-55°C to +125°C 
16 Lead CERDIP 


IH5352C/D 
DOCto 70°C 
Dice 


10 Lead 
TO-100 


14 Lead 
DIP 


I 
DI 
v+ 


14 Dz 
N1AXINI 
GND 
16 Lead 
IH5352 
I 
D3 
DIP 
v- 
I D4 
\\. 


Supply Voltages V+ and V- ......•...•..•..•............ 
±17V 


Current in any Terminal 
...........•.........•......... 
SOmA 


Analog Input Voltage 
...............•........•...... 
V+ to V- 


Operating 
Temperature Range 


(M Version) -55'C 
to +125'C 


(I Version) -20'C 
to +B5'C 


(C Version) O'C to +70'C 


Power Dissipation 
.................•................. 
250mW 


(Derate 7.5mW/'C 
above 25°C) 


Storage Temperature Range 
..........•..... 
-65'C 
to +160'C 


Logic Control Voltage 
V+ to V- 


Voltage on Vl Pin 
V+ to V- 
Lead Temperature 
(Soldering. 
10 sec.) ...........•.... 
+300'C 


Stresses above those listed under "Absolute Maximum 
Ratings" may cause permanent 
damage to the device. These are stress ratings only and functional 


operation 
of the device at these or any other conditions 
above those indicated in the operational 
sections of the specifications 
is not implied. Exposure to 


absolute maximum 
rating conditions for extended periods may affect device reliability 


ELECTRICAL CHARACTERISTICS 


(v+ = +15V, Vl = +5V, v- = -15V, TA = 25°C unless otherwise specified) 


M GRADE DEVICE 
IIC GRADE DEVICE 


PARAMETER 
SYMBOL 
CONDITIONS 
TYP 
-201 
+851 
UNITS 
(Note 1) 
-55°C 
+25°C 
+125°C 
O°C 
+25°C 
+70°C 


Supply Voltage 
Ranges 
Positive Supply 
V+ 
4.5> 16 
5to 
15 
5to 
15 
Logic Supply 
It 
(Note 3) 
4.5> V+ 
5to V+ 
5 to V+ 
V 
Negative Supply 
V- 
-4> 
-16 
-510-15 
-5 to -15 


Switch "ON" 
Vo - 5V to +5V 
75 
75 
100 
75 
75 
100 


Resistance 
rds(ON) 
Is = 10 mA, V'N = 2.4V 
(Note 4) 
Vo - 15V to +15V 
125 
125 
175 
150 
150 
175 


Switch "ON" 
rds(ON) 
V· = Vl = 5V, V'N = 3V 
250 
250 
350 
300 
300 
350 
n 


Resistance 
V- = -5V, Vo = ±5V 


On Resistance 
Is = 10mA, Vo = ±5V 
5 
Match 


Switch "OFF" 
10(OFF) 
VS/0= +5V to -5V 
0.1 
0.1 
20 
0.5 
0.5 
20 


Leakage 
or 
V'N = O.BV 


(Notes 2 and 4) 
'SCOFF) 
VSIO= +14V to -14V 
0.2 
0.2 
50 
1.0 
1.0 
100 


nA 
Switch "ON" 
1010NI 
Vo = +5V or -5V 
0.3 
0.3 
50 
1.0 
1.0 
40 
Leakage 
+ 
V,N= 2.4V 
IS10N) 
Vo = +14V to -14V 
0.5 
0.5 
100 
1.0 
5.0 
100 


Input Logic 
I'N 
V'N> 2.4V or < 0 
0.001 
1 
1 
10 
1 
1 
10 
Current 


Positive Supply 
1+ 
V'N = OVor +5V 
0.01 
1 
1 
10 
1 
1 
10 
Quiescent Current 
(Note 5) 


Negative Supply 
I'A 


1- 
V'N = OVor +5V 
0.01 
1 
1 
10 
1 
1 
10 
Quiescent Current 
(Note 5) 


Logic Supply 
Il 
V'N = OVor +5V 
0.01 
1 
1 
10 
1 
1 
10 
Quiescent Current 
(Note 5) 


AC ELECTRICAL CHARACTERISTICS 


v+ = +15V, Vl = +5V, v- = OV,TA = +25°C 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN 
TYP 
MAX 
UNITS 


Switch "ON" Time 
tON 
See Figure 1 
160 
300 
ns 
Switch "OFF" Time 
tOFF 
See Figure 1 
70 
150 


"OFF" Isolation Rejection Ratio 
OIRR 
See Figure 2 (Note 6) 
70 
BO 


Cross Coupling 
Rejection Ratio 
Figure 3 
IH5341 
70 
BO 
dB 
CCRR 
(Note 6) 
IH5352 
66 
72 


Frequency where rdslONI= 0.7 x DC 
(Note 6) 
100 
MHz 


Note 1: 
Note 2: 
Note 3: 
Note 4: 
Note 5: 
Note 6: 


Typicai values are not tested in production. 
They are given as a design aid only. 


Positive and negative voltages applied to opposite sides of switCh, in bolh directions 
successively. 


These are the operating voltages at which the other parameters are tested, and are not directly tested. 
The logic inputs are either greater than or equal to 2.4V or less than or equal to O.BV,as required, for this test. 
Maximum values shown are for the dual (IH5341). They are doubled for the quad (IH5352). 
All AC parameters are sample tested only. Test circuits should be built on copper clad ground plane board, with correctly 
terminated 
coax leads, etc. 


-+15V 


Your 


V,UALOG = +5V 


Your 
VANALDll= -5V 


--15V 


-15V 
":" 


V'N 
V'N = ±5V 
(10Vp_p) 
@f = 10MHz 
OIRR = 20 I09 
VOUT 
V'N 225mVrms 
@ f ; 10MHz 


V'N 
CCRR 
; 20 I09 
VOUT 


.191" 


1485 mm) 
IN,8, 


IH5341(DualSPST) 
IH5352(QuadSPST) 


Max~m cannot assume responsibility for use of any circuitry other than circuitry entirely embodied in a Maxim product. No circuit patent licenses are implied. 
MaXIm reserves the right to change the circuitry and specifications 
without notice at any time. 
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________ 
Wafe, Inspection 


All wafers are fabricated 
using specifically 
developed 
processes with extremely 
tight control. 
Each must pass 
numerous 
in-process 
check-points 
for oxide thickness, 
critical 
dimensions, 
pin 
hole 
densities, 
and 
other 
requirements, 
and 
must 
comply 
with 
Maxim's 
de- 
manding 
Electrical 
and Physical 
Specifications. 


Finished 
wafers are inspected 
optically 
to detect any 
physical defects. Then they are parametrically 
tested to 
insure 
full conformity 
to Maxim's 
specifications. 
Our 


Package Unit Process Flow 


parametric 
measurement 
capability 
has been specially 
designed 
by Maxim 
to make the precision 
measure- 
ments 
which 
are mandatory 
to insure 
reliability 
and 
reproducibility 
in analog circuits. We believe this quality 


control 
technology 
to 
be the 
best 
in the 
industry, 


capable of resolving 
below IpA current 
levels, and less 
than 
IpF capacitance. 
Maxim's 
proprietary 
software 
allows automatic 
measurement 
of subthreshold 
charac- 
teristics, 
fast surface state density, and other parame- 
ters which 
are crucial 
to predicting 
long term stability 


and reliability. 


Every Maxim wafer is subject to this rigorous 
screening 
at no premium 
to our customers. 


___________ 
'RIstlng 


After 
wafer 
parametric 
inspection, 
each die is 100% 
tested 
prior 
to assembly. 
Once assembled, 
units are 
tested over temperature. 
This is not a common 
practice 
in the industry. By using the latest high speed automatic 
handling 
equipment, 
Maxim is able to offer "at temper- 
ature" testing for no additional 
cost. 


Sophisticated 
testing 
is an integral 
part of delivering 
the highest quality 
data acquisition 
products. 
Maxim's 
analog test capability 
represents an order of magnitude 
improvement 
in accuracy, 
noise 
performance, 
and 
speed when compared 
to current 
industry 
standards. 


This provides the customer 
with total assurance that he 


will receive the part he paid for every time, without 
fail. 


P,oduct 
Conditioning 
_______ 
and Qualification 


Reliability 
of Maxim's 
products 
is further 
assured 
by 


subjecting 
parts to qualification 
cycles 
that 
include 


accelerated 
life tests equivalent 
to 20 million 
operating 
hours, 
as well as pressure 
and humidity 
(85°C/85%) 


cycles. In addition, every unit shipped has been burned- 
in (with 
the exception 
of reversed 
lead and Surface 
Mount Products-see 
below) to further reduce the pos- 
sibility 
of field failure. 


Products 
processed 
to this level are normally 
available 


from other manufacturers 
at a price premium, 
by order- 


ing special process flows. Maxim provides 
this testing 
and 
conditioning, 
including 
a 100% burn-in, 
at no 
additional 
cost. 


Su,face Mount P,oducts 


Maxim 
is committed 
to providing 
high-quality, 
high 


reliability 
8-44 
lead plastic 
surface 
mount 
products. 


These 
products 
are 
processed 
through 
the 
same 
manufacturing 
flow as the Dual-in-Line 
(DIP) plastic 


parts and are tested to the same stringent 
electrical 
and 
visual 
AQL 
levels. 
They 
receive 
the 
same 
product 


conditioning 
and lot qualification 
as the DIPs with the 
exception 
of 100% burn-in 
and cold test on quad flat 


packs. 
Maxim 
still assures 
the reliability 
of every lot 


by subjecting 
a sample from each lot to a Long-term 
Life Test prior 
to shipment. 


Maxim 
is committed 
to providing 
high 
quality, 
high 
reliability 
8 to 60 lead plastic surface 
mount 
products. 


With few exceptions, 
every monolithic 
product 
will be 
offered 
in a surface 
mount 
package. 
These products 
are processed 
through 
the same manufacturing 
flow 
as the dual-in-line 
(DIP) plastic devices and are tested 


to the same stringent 
electrical 
and visual AQL levels, 


with 
the 
exception 
of 
100% burn-in 
and 
cold 
test. 


They 
receive the same product 
conditioning 
and lot 
qualification 
as the 
DIPs. 
Maxim 
still 
assures 
the 
reliability 
of every 
lot by subjecting 
a sample 
from 
each lot to a long term life test prior to shipment. 


PACKAGE 
PKG 
LEAD COUNTS AVAILABLE 
ALPHA 


8 
14 
16 
0.150" JEDEC SOIC 
S 
COD 


16 
18 
20 
24 
28 


0.300" JEDEC SOIC 
W 
ODD 
0 
C:::::::::] 


28 
44 


QUAD PACK 
Q 
0 0 


JEDEC PLCC 


44 
60 


FLAT PACK (PFP) 
0 


0.8 mm LEAD CENTERS 
M 


_________ 
Pln Convention 


0.150" JEDEC 50lC 
(5) parts have the same pinout 
as in the 0.300" DIP package equivalents. 


0.300" 
JEDEC 
50lC 
(W) parts also have the same 
pinout 
as 
in 
the 
0.300" 
DIP 
package 
except 
for 
selected 
products 
in the 16 lead. 14 lead products 
that are too large for the 0.150" 14 lead (5) package 
are made available in the 0.300" 16 lead (W) package. 


____ 
Quad Pack Pin Convention 


1.) 
Devices in the 28 Lead Quad Pack are pin for pin 
number compatible 
with the DIP package. That is 
to say, pin 1 on the 28L Quad will be the same 
function 
as pin 1 on the DIP package. 


2.) 
All 
40 Lead 
devices 
planned 
for 
the 
44 Lead 
Quad 
pack will 
have the following 
pin conven- 
tion: 


_____ 
F/atpack Pin Convention 


No 
fixed 
convention 
exists 
for 
40-lead 
products 
assembled in either 44-lead or 6O-Iead flatpack. 
Con- 
sult product marketing for specific pin-outs. 


DIP 
QUAD 
DIP 
QUAD 
DIP 
QUAD 
DIP 
QUAD 
PIN' 
PIN' 
PIN' 
PIN' 
PIN' 
PIN' 
PIN' 
PIN' 


1 N/C 
12 N/C 
23 N/C 
34 N/C 
1 
2 
11 
13 
21 
24 
31 
35 
2 
3 
12 
14 
22 
25 
32 
36 
3 
4 
13 
15 
23 
26 
33 
37 
4 
5 
14 
16 
24 
27 
34 
38 
5 
6 
15 
17 
25 
28 
35 
39 
6 
7 
16 
18 
26 
29 
36 
40 
7 
8 
17 
19 
27 
30 
37 
41 
8 
9 
18 
20 
28 
31 
38 
42 
9 
10 
19 
21 
29 
32 
39 
43 
10 
11 
20 
22 
30 
33 
40 
44 


Surface Mount 
-----Packag.,n 
Reeled Tape 


Maxim surface mount packages are normally shipped 
in antistatic 
plastic 
rails. 
They 
are also 
available 
mounted in pockets on embossed tape for customers 
using 
automatic 
placement 
systems. 
The 
tape 
is 
wound and shipped on reels. 


The following 
table and diagrams 
indicate 
the tape 
sizes used for the various 
package 
types 
and the 
basic orientation 
convention 
used. Further tape and 
reel specifications 
can be found 
in the 
Electronic 
Industries 
Association 
(EIA) standard 481. 


COMPONENT 
TAPE SIZE mm (W) 
PART PITCH mm (P) 


8L 
12 
8 
SOIC 
14L 
16 
8 
16L 
16 
8 


16L 
16 
12 
18L 
24 
12 
SOIC 
20L 
24 
12 
24L 
24 
12 
28L 
24 
12 


PLCC 
28L 
24 
16 
44L 
32 
24 


PFP 
44L 
24 
16 
60L 
44 
32 


SOIC DEVICES 
I 
I 
I 
I 
I 
I 
I 
I 
(f)-(f)-@-f-t'-e-e-@-(B 


I 
1 
I 
Y 
1 
I 
I 
I 


~ 


~ 


• 
USER DIRECTION 
OF FEED 


All of Maxim's standard 
products 
are available in die 
and 
wafer 
form. 
Every 
diffusion 
lot committed 
to 
die/wafer 
sales 
is qualified 
through 
a die 
sample 
assembled 
into packaged 
units. This sample is then 
subjected 
to "Packaged 
Unit Process Flow" the stan- 
dard to ensure lot quality and reliability. 


-----Electrical 
Specifications 


All 
material 
committed 
to die/wafer 
sales is 100% 
electrically 
probed 
using Maxim's 
sophisticated 
test 
equipment. 
Most parameters 
tested are checked 
to 
limits 
that 
are more 
stringent 
than 
the data sheet 
25°C worst case parameters. 


Generally, the parameters or parameter limits listed in 
the packaged unit data sheets are tested during elec- 
trical probe. However some parameters are impossible 
to test or test with absolute accuracy on unassembled 
product. 
Information 
regarding 
any of these parame- 


ters/parameter 
limits 
may 
be 
obtained 
from 
the 


factory. 


PARAMETER 
3" 
I 
4" 
UNITS 


Chip Thickness 
13± 1 I 
15± 1 
mils 
Backlapped wafers 


Die length/width tolerance 
±1 
mils 


Bonding pads 
4.0 x 4.0 
mils 
dimensions (minimum) 


Bonding pad and 
10K-15K 
A 
interconnect 
material 
thickness 


Storage temperature 
-40 to +150 
·C 


Operating temperature 
-20 to +70 
·C 


Die and wafers are visually 
inspected 
according 
to 
MIL-STD-883, 
Method 2010.2, Condition 
B with modi- 


fications 
reflecting CMOS requirements. 


Each die surface is protected 
by a planar passivation 


layer and additional 
surface 
glassivation 
except 
for 
bonding pads and scribe lines. The surface passivation 
is removed from the bonding pad areas by HF etching 
or by plasma etching. The bonding 
pads may appear 
discolored 
at low magnification 
due to surface rough- 


ness of the aluminum 
caused by the etchant. 


Maxim 
guarantees 
die 
and 
wafer 
AQL 
levels 
as 


follows: 


Visual 
1.0% 
Functional 
Electrical Testing 
0.65% 
Parametric DC Testing 
2.5% 
Untested Parameters 
6.5% 


____ 
...A88embly Procedures 


Hendllng 


Maxim recommends 
that die and wafers be stored in 
a clean, dry ambient-preferably 
inert gas. Extreme 
care should 
be taken when handling 
die. Both elec- 
trical and visual damage can occur as a result of an 
unclean environment 
or harsh handling techniques. 


Die Attech 


To 
prevent 
oxidization 
the 
die 
attach 
operation 
should 
be done under a gaseous 
nitrogen 
ambient 
atmosphere. 
If an eutectic 
die attach 
is used, it is 
recommended 
that 
a 98% gold/2% 
silicon 
preform 
be used at a die attach temperature 
between 385°C 
and 435°C. If an epoxy die attach is used, the epoxy 
cure temperature should not exceed 150°C. 


Bonding 


Thermosonic 
or thermocompression 
gold ball bond- 
ing may be used with 1.0 or 1.3 mil diameter 99.99% 
pure 
gold 
wire. 
Ultrasonic 
bonding 
may 
be used 
with 
1.0 or 
1.25 mil 
diameter 
99% aluminum/1% 


silicon wire. 


Standard Die and 
______ 
Wafer Carrier Package 


Die and wafers are packaged 
as shown in Figures 1 


and 2, respectively. 


~: 
COMPARTMENTED 


~~ 
.~.:~. 
uu 
./ 
TRAY 
, 
..-' 


CLEAR AMBER COVER 
WITH ANTI-STATIC 
PLASTIC FilM 


---------- 
__ 
Changes 
Maxim reserves the right to improve 
device geome- 


tries 
and 
manufacturing 
processes 
without 
prior 


notice. 
Although 
these improvements 
may result in 


slight 
geometry 
changes, 
they 
will 
not 
affect 
die 


electrical 
limits, pad layouts, or maximum die sizes. 


------- 
User Responsibility 


Written 
notification 
of 
any 
non-conformance 
by 


Maxim or Maxim's dice specifications 
must be made 


within 
75 days of the shipment 
date of the die to the 


user. Maxim assumes 
no responsibility 
for the dice 


after 75 days or after further 
user processing 
such 


as, but not limited to, chip mounting 
or wire bonding. 


INCOMING 
WAFER INSPECTION 


100% WAFER PARAMETRIC 
TEST 


100% WAFER VISUAL 
INSPECTION 


WAFER LOT TEST FOll 
PASSIVATION, 


CV DRIFT 
AND OTHER 
RELIABILITY 
INDICATORS 


QC 
SAMPLE 
ASSEMBLED 
FOR LOT 
QUALIFICATION 


---- 
Ordering Information 


Oie orders are identified by a /0 suffix. 
Example: ICL7109C/0 


When 
ordering 
die 
in wafer 
form 
replace 
"0" 


in the part numbers with a "W" 
Example: MAX7231 C/O Oie = MAX7231 C/W Wafer. 


Maxim's /883 and /HR Program 


_______ 
883 PROGRAM 
HR PROGRAM 


As of July 1st, 1988, Maxim is a certified manufacturer of MiI- 
Std-883, Class B, Rev. C product. Becoming a manufacturer 
capable of processing product to 883 requirements entails 
operator 
training, 
equipment 
calibration, 
documentation, 
design baselines etc., that are intangible and transparent for 
the product. 
In addition to factory certification, every device 
must be individually certified and qualified. 


In summary, this program produces devices that are tested 
to operate over the military temperature 
range (-55'C to 


+125'C) 
and are meticulously 
processed per Mil. Method 
5004. Finally, the 883 device manufacturing 
lots are sub- 


jected to Quality Conformance 
inspection per Mil. Method 
5005 (Groups A, B, C, and D testing). Once a manufactur- 
ing lot has been processed 
through these two stringent 
methods, it is ready for sale as /883 compliant product. 


Prior to the inception of the 883 program, Maxim offered its 
products in an /HR (High Reliability) Flow. Maxim will con- 
tinue to offer this highly successful processing program for 
customers requiring military grade product, but who do not 
want to pay the substantial cost added for certified product 
in full compliance to Mil-Std-883. The /HR program offers 
device 
processing 
which 
emulates 
Mil. 
Method 
5004 
processing, including full material traceability and process 
genealogy from Incoming Raw Materials through Final Ship- 
ment. However, full QCI testing will not be performed unless 
requested. Only Group A of Mil. Method 5005 will be done 
per lot. Groups B, C, and D must be specifically requested 
during order placement. This is done simply by placing a 
single letter suffix (B, C, or D) at the end of the ordered part 
number (see chart). 


Ordered 
Part # 


MAX358MJE/HR 


Processing 


Device 
will 
be 
processed 
through 
the 
full 
/HR 
Flow 
emulating Mil Method 5004 and 
QCI tested to Group A of Mil 
Method 5005. 


Same as above with the addi- 
tion of Mil Method 5005 Group 
B testing. 
OCI contains both 
Group A and B. 


Same 
as above 
except 
now 
OCI includes 
Group 
C. OCI 
now contains Groups A, B, and 
C. 


Same 
as above 
except now 
OCI 
includes 
Group 
D. OCI 
now contains Groups A, B, C, 
and D. 


To order /883 or /HR devices, contact the Maxim sales rep- 
resentative or distributor in your area. 


Maxim /HR Flow 
Hybrid Components 
Maxim /883 /HR Flow 
Monolithic 'Cs 


FULL MATERIAL TRACEABILITY AND PROCESS 
GENEALOGY 
FULL MATERIAL TRACEABILITY AND PROCESS 
GENEALOGY 


PRESEAL INTERNAL VISUAL 
MIL -STD-883, 
METHOD 2017, CLASS B 100% 


PRESEAL INTERNAL VISUAL 


MIL-STD-883, 
METHOD 2010, CLASS B 100% 


STABILIZATION 
BAKE 
MIL-STD-883, 
METHOD 1000, CONDITION C 100% 


STABILIZATION 
BAKE 


MIL-STD-883, 
METHOD 1008, CONDITION C 100% 


TEMPERATURE CYCLING 
MIL-STD-883, 
METHOD 1010, CONDITION C 100% 


TEMPERATURE CYCLING 
MIL-STD-883, 
METHOD 1010, CONDITION C 100% 


CONSTANT ACCELERATION 
MIL -STD-883, 
METHOD 2001, CONDITION E (Y1 only 100%) 


FINE LEAK TEST 
MIL-STD-883, 
METHOD 1014, CONDITION B 100% 


GROSS LEAK TEST 
MIL -STD-883, 
METHOD 1014, CONDITION C 100% 


CONSTANT ACCELERATION 
MIL -STD-883, 
METHOD 2001, CONDITION E (Y1 only 100%)' 


FINE LEAK TEST 
MIL-STD-883, 
METHOD 1014, CONDITION B 100% 


GROSS LEAK TEST 
MIL-STD-883, 
METHOD 1014, CONDITION C 100% 


BURN IN 
160 HOURS AT 12S"C (OR EQUIVALENT) 100% 


BURN IN 
160 HOURSAT12S"C 
(OR EQUIVALENT) 100% 


ELECTRICAL TEST 
2S"C, 12S"C, -SS"C 100% 


ELECTRICAL TEST 
2S"C, 12S"C, -SS"C 100% 


QAACCEPTANCE 
PER APPLICABLE 
DEVICE SPECIFICATION 
MIL-STD-883, 
METHOD SOO5,GROUP A 
QA ACCEPTANCE PER APPLICABLE 
DEVICE SPECIFICATION 


MIL-STD-883, 
METHOD SOO5, GROUP A 


LOT QUALIFICATION 
MIL -STD-883, 
METHOD SOOS,GROUP B, C & D 
(OPTIONAL FOR IHR PROGRAM) 


EXTERNAL VISUAL 
MIL -STD-883, 
METHOD 2009 100% 


LOT QUALIFICATION 
MIL-STD-883, 
METHOD SOO6,GROUP B, C & D 
(OPTIONAL FOR IHR PROGRAM) 


EXTERNAL VISUAL 
MIL -STD-883, 
METHOD 2009 100% 


Maxim's 
proprietary 
product 
introductions 
are increas- 
ing at a significant 
rate. The devices 
are grouped 
by 
their functions 
into certain categories. 
Maxim present- 
ly uses a "MAX" 
as the prefix 
to the device's 
unique 
number. 
The categories 
are as follows: 


MAX100-199 
Analog-to-Digital 
Converters 
MAX200-299 
Interface 
MAX300-399 
Analog 
Switches 
and Multiplexers 
MAX400-499 
Op-Amps, 
Buffers and Video Amplifiers 
MAX500-599 
Digital-to-Analog 
Converters 
MAX600-699 
Power Supply 
Circuits 
and 
Voltage 
References 
MAX7OD-799 
J.LPPeripherals 
and Display 
Drivers 
MAX8OD-899 
Open 
MAX9OD-999 
Open 


Within each category, 
blocks of numbers 
are reserved 
for sub-groups. 


EXAMPLE: 
MAX358CPD 
II LLead Count 


~ 
Package 
Designator 


Operating 
Temperature 
Temperefure Renge 


"C" 
O°C to +70°C 


"I" 
-20°C to +85°C 


"E" 
-40°C to +85°C 


"M" 
-55°C to +125°C 


"f!\' 
TO-237 


"C" 
TO-220 


"0" 
Ceramic 
Sidebraze 


"F" 
Ceramic 
Flat-Pack 


"H" 
TO-66 


"J" 
CERDIP 
Dual-In-Line 


"K" 
TO-3 


"L" 
Leadless. 
Ceramic 


"M" 
Plastic 
Flat Pack 


"N" 
Narrow 
Plastic 
Dual-In-Line 


"P" 
Plastic 
Dual-In-Line 


"Q" 
Plastic 
Chip 
Carrier 
(Quad 
Pak) 


"R" 
Narrow 
CERDIP 


"S" 
Small 
Outline, 
Slim 
(8 or more 
leads), 


150 mil 


"S" 
TO-52 
(2 or 3 leads) 


"T" 
TO-5 Type (also TO-78, TO-99, 
TO-1oo) 


"U" 
TO-72 Type (also TO-18, TO-71) 


"V" 
TO-39 
"W" 
Small 
Outline, 
Wide 
(300 mil) 


"Z" 
TO-92 


"/0" 
Dice 


";W" 
Wafer 


"-1" 
On Package 
Information 
Indicates 
Hybrid 
Circuit 


"A" 
8 
"P" 
20 


"B" 
10 
"Q" 
2 


"C" 
12 
"R" 
3 


"0" 
14 
"S" 
4 


"E" 
16 
"T" 
6 


"F" 
22 
"u" 
60 


"G" 
24 
"V" 
8 (0.200" pin circle, 
"H" 
44 
isolated case) 
"I" 
28 
lIW" 
10 (0.230" pin circle, 
"J" 
32 
isolated case) 
"K" 
35 
"Y" 
8 (0.200" pin circle, 


"L" 
40 
case to pin 4) 


"M" 
48 
"Z" 
10 (0.230" pin circle, 


"N" 
18 
case to pin 5) 


The first letter of the suffix 
is used to denote 
product 
grade, for example, 
MAX631ACPA 
means 5% output 


accuracy 
(A), the remaining 
3 letters denote tempera- 
ture range, package type and number 
of leads. There- 


fore, 
the 
MAX631ACPA 
operates 
over 
the 
O°C to 
+70°C and is in a Plastic 
Dual-in-Line 
package 
and 
has 8 leads. 


In most 
cases, 
Maxim's 
part 
numbp.r for a multiple 
source 
product 
follows 
the numbering 
system that is 
most widely 
accepted 
in the industry 
for that particu- 
lar part, rather than our own convention. 
This includes 
original 
designators 
for 
package 
type, 
temperature 
range, and performance 
grades 
as well as the most 
commonly 
recognized 
prefix. 


Multiple 
source 
products 
are frequently 
supplied 
by 
Maxim 
in packages 
or temperature 
ranges 
that 
are 
not supplied 
by other 
manufacturers. 
Whenever 
pos- 
sible, such 
a device 
is given the part number 
that 
it 
would 
have if the original 
numbering 
convention 
were 
followed. 
For example, 
if a military 
temperature 
grade 
of a product 
is not supplied 
by other 
sources 
but is 
available 
from 
Maxim, 
the 
original 
manufacturer's 
designation 
for military 
temperature 
will be used. As 
a result, 
a specific 
part 
number 
supplied 
by Maxim 
may not be listed by the "original" 
manufacturer. 


This section 
contains 
physical 
dimensions 
and ther- 


mal 
data 
for 
all 
packages 
currently 
supplied 
by 
Maxim. 
Each drawing 
is followed 
by a two letter code 
which 
indicates 
package type (Plastic DIP, Small Out- 


line, 
etc.) 
and 
number 
of 
leads. 
This 
code 
is also 
used, 
along 
with 
indicators 
for 
temperature 
range 
and device grade (where appropriate) 
in the part num- 
ber suffix for each of Maxim's 
proprietary 
devices. 


Alpha-Numeric Index 


Part 
Number 
Page 
Part 
Number 
Number 
Page 
Part 
Number 
Number 
Page 


Number 


AD536A 
4-1 


AD565A 
2-1 


AD566A 
2-1 


AD578 
1-107 


AD580 
3-11 


AD581 
3-13 


AD584 
3-19 
AD636 
4-1 
AD2700 
3-25 


AD2701 
3-25 


AD2710 
3-25 


AD3554 
5-43 


AD7224 
2-9 


AD7225 
2-19 


AD7226 
2-19 


AD7520 
2-31 


AD7521 
.. . .. .. .. .. 
2-31 


AD7523 
2-37 


AD7524 
2-41 


AD7528 
2-49 
AD7530 
2-61 
AD7531 
2-61 


AD7533 
2-65 
AD7541 
2-71 


AD7541A 
2-75 


AD7542 
2-81 
AD7543 
2-89 
AD7545 
2-97 


AD7572 
1-87 
AD7574 
1-67 


AD7581 
1-79 


AD7628 
2-49 


AD7820 
1-43 


AD7824 
1-55 
AD7828 
1-55 


ADC0820 
1-113 
BB3553 
5-95 
BB3554 
5-43 
DG200/A 
12-31 
DG201A 
12-1 
DG202 
12-9 
DG211 
12-1 
DG212 
12-9 
DG300/A 
12-37 
DG301/A 
12-37 
DG302/A 
12-37 
DG303/A 
12-37 
DG304/A 
12-43 
DG305/A 
12-43 
DG306/A 
12-43 


DG307/A 
12-43 
DG381/A 
12-49 
DG384/A 
12-49 
DG387/A 
12-49 
DG390/A 
12-49 
DG506A 
11-21 
DG507 A 
11-21 
DG508A 
11-27 
DG509A 
11-27 
HI-508A 
11-9 
HI-509A 
11-9 
ICL7106 
1-119 
ICL7107 
1-119 
ICL7109 
1-131 
ICL7116 
1-149 
ICL7117 
1-149 
ICL7126 
1-153 
ICL7129A 
1-161 
ICL7135 
1-173 
ICL7136 
1-185 
ICL7137 
1-193 
ICL7611 
5-49 
ICL7612 
5-49 
ICL7614 
5-49 
ICL7616 
5-49 
ICL7621 
5-49 
ICL7622 
5-49 
ICL7631 
5-49 
ICL7632 
5-49 
ICL7641 
5-49 
ICL7642 
5-49 
ICL7650/B 
5-65 
ICL7652/B 
5-75 
ICL7660 
6-117 
ICL7663 
6-125 
ICL7664 
6-133 
ICL7665 
6-139 
ICL8069 
3-29 
ICM7211 
7-17 
ICM7212 
7-17 
ICM7217 
7-33 
ICM7218 
7-41 
ICM7224 
7-53 
ICM7225 
7-53 
ICM7228 
7-41 
ICM7240 
8-1 
ICM7242 
8-1 
ICM7250 
8-1 
ICM7260 
8-1 
ICM7555 
8-9 


ICM7556 
8-9 


IH5040 
12-55 


IH5041 
12-55 


IH5042 
12-55 


IH5043 
12-55 


IH5044 
12-55 


IH5045 
12-55 


IH5048 
12-59 


IH5049 
12-59 


IH5050 
12-59 


IH5051 
12-59 


IH5108 
11-9 


IH5140 
12-63 


IH5141 
12-63 


IH5142 
12-63 


IH5143 
12-63 
IH5144 
12-63 


IH5145 
12-63 


IH5208 
11-9 


IH5341 
12-67 


IH5352 
12-67 


IH6108 
11-27 


IH6116 
11-21 


IH6208 
11-27 


IH6216 
11-21 


LH0033/ A 
5-85 


LH0063 
5-95 


LH0101 
5-101 


LT1001 
5-113 


MAX130 
1-1 


MAX131 
1-1 


MAX133 
1-13 


MAX134 
1-13 


MAX136 
1-31 


MAX138 
1-35 


MAX139 
1-35 


MAX140 
1-35 


MAX150 
1-43 


MAX154 
1-55 


MAX158 
1-55 


MAX160 
1-67 


MAX161 
1-79 


MAX162 
1-87 


MAX172 
1-103 


MAX230 
9-1 


MAX231 
9-1 


MAX232 
9-1 


MAX233 
9-1 


MAX234 
9-1 


MAX235 
9-1 


Alpha-Numeric 
Index 


Part 
Number 
Page 
Part 
Number 
Number 
Page 
Part 
Number 
Number 
Page 
Number 


MAX236 
9-1 
MAX237 
9-1 


MAX238 
9-1 
MAX239 
9-1 


MAX240 
9-1 


MAX241 
9-1 


MAX260 
10-1 


MAX261 
10-1 


MAX262 
10-1 


MAX263 
10-25 


MAX264 
10-25 


MAX265 
10-47 
MAX266 
10-47 
MAX267 
10-25 
MAX268 
10-25 
MAX310 
11-1 
MAX311 
11-1 


MAX331 
12-1 


MAX332 
12-9 


MAX333 
12-17 
MAX334 
12-21 


MAX341 
12-25 


MAX343 
12-25 


MAX345 
12-25 
MAX348 
12-25 
MAX358 
11-9 
MAX359 
11-9 
MAX400 
5-1 
MAX420 
5-5 
MAX421 
5-5 


MAX422 
5-5 


MAX423 
5-5 
MAX430 
5-17 
MAX432 
5-17 
MAX450 
5-25 
MAX451 
5-25 
MAX452 
5-29 
MAX453 
5-29 
MAX454 
5-29 
MAX455 
5-29 
MAX460 
5-37 
MAX600 
6-1 
MAX601 
6-1 
MAX602 
6-1 
MAX610 
6-5 
MAX611 
6-5 
MAX612 
6-5 
MAX630 
6-17 
MAX631 
6-29 
MAX632 
6-29 
MAX633 
6-29 
MAX634 
6-37 
MAX635 
6-49 
MAX636 
6-49 
MAX637 
6-49 
MAX638 
6-57 
MAX641 
6-65 
MAX642 
6-65 
MAX643 
6-65 
MAX663 
6-73 
MAX664 
6-73 
MAX666 
6-73 


MAX670 
....•.............. 
3-1 
MAX671 
3-1 
MAX672 
3-7 


MAX673 
3-7 


MAX680 
6-81 


MAX690 
6-87 


MAX691 
6-87 
MAX692 
6-87 


MAX693 
6-87 


MAX694 
6-87 


MAX695 
6-87 


MAX696 
6-101 


MAX697 
6-101 
MAX4193 
6-17 


MAX4391 
6-37 


MAX7129 
1-161 


MAX7231 
7-1 


MAX7232 
7-1 


MAX7233 
7-1 


MAX7234 
7-1 


MAX7624 
2-41 


MAX8211 
6-113 


MAX8212 
6-113 


MF10 
10-49 
MM74C945 
7-61 


MM74C947 
7-61 


OP07 
5-117 


PGA 100 
5-123 


REF01 
3-31 


REF02 
3-31 


_____ 
-----..:. 
Package Information 


-0.230 
OIA 
-5.840) 
. 


0.196 
4.980) OIA. 


f- 0.150 
-3.810) 
tI 
r 


2.70) MIN. 


\ 
• 
.1- 0.175-0.185 
I 
(4.445- 4.699) 


r---.., 
18 
1 
1~:~~~)OIA. 
I 
I 
L 
.J 
--l- 
---r 


5° NOM. 


0.205 
(5.200 


0.178- 
(4.520 


'- 
0.015-0.019 
(0.380- 0.(80) 


OIA. 
1f 


II 
0014-0016 
--jr-- (0.356-0.406) 


TYP• 


Mil!. 
(2.286) 
f:':' 1f TI 


0.095-0.105 
I 
1_ 
(2.413- 2.667)---l 


..!W!22.. 


(2'286)~ 
RAo. NOM. 
- 


0135-0145 
, 
~ 
..•-,..." 


10° NOM.~ 
\_ 
0045 - 0.055 
(1.143-1.397) 


TO·52 Metal Can - 2 Lead (SO) 
8JA = 220°C/W 
8JC = 60°C/W 


TO·92 Plastic - 2 Lead (ZO) 


8JA = 200°C/W 
8JC = 70°C/W 


';~I';JXI';~I 
_ 
A-11 


---- 
Package Information 


- 0.230 
5.840) DIA. 


0.196 
DIA 
4.980) 
. 


t 
5-0.150 
0- 3.810)r- 


12.70) MIN. 


~ 


0.205 
(5.200 


0.178- 
(4.520 - 


'- 
0015-0019 
(0.380 - 0.480) 


DIA. 


I 
~ 
0.175-0.185 
• 
-I 
(4.445-4.699) 


r - - - ., 
r---r-- 


I 
I 
0.065 DIA 
~ 
(1.651)· 
~ 
1 
L..-....,.,~~---r 


5·NDM. 


IT 


0014-0.016 
II 
(0.356 - 0.406)-11- 
lYP. 


0.090 


(2.286)~ 
RAD. NOM. 
_ 


0.135-0.145 
, 
~."H."J 


10· NOM.~ 
\_ 
0 045 - 0055 
(1.143 -1.397) 


TO-52 Metal Can - 3 Lead (SR) 
8JA = 220°C/W 
8JC = 60°C/W 


TO-92 Plastic - 3 Lead (ZR) 
8JA = 200°C/W 
8JC = 70°C/W 


_____________ 
Package Information 


0.350 - 0.370 
18.890 - 9.398) OIA. 
G!tl 


200 
0.315 - 0.335 
OIA 
15.080) 
0.165 - 0.185 
18:001 - &:5091 
. 0.035 


LEAO#1 
14.191 - 4.699IP" 
..\ 
10.8891 


/'0---' 
TIT 
MAX 
, 
--1 


0.029 - 0.045 
) - 


\ 


10.737 _ 1.143) A~ \ 
/ 
0.500 
-. 
- 
~, 
,-- 
••• -' 
(12.70) 
0.028 - 0.034-- 
.-- 
MIN. 
n 
10.711- 0.8641~z 
U 
45° 
0.065-0.075 
OIA 
+-11-- 
0.016 - 0.019 
OIA. 


(1.650-1.9101 
. 
(0.406 - 0.483) 


3 Lead TO·39 (VR) 
eJA = 150°CIW 
eJC = 15°C/W 


0.350 - 0.370 
18.890 - 9.398) OIA. 
W 


200 
0.315 - 0.335 
OJA 
(5.0801 
0.165 - 0.185 
18:001 - 8:5091 
. 0.035 


LEAO#1 
.'___ 
(4.191 - 4.6991p" 
to I 
1[8891 
·>0....-' 
~MAX 
° 
0, 
~ 
0.029-0.045 
I 
i 
_ - 
10.737-1.143) A~~\,0// 
0.500 
~ 
~ 
~ 
"::0.::"/ 
112.701 
0.040 
0.028 - 0.034 ----.... h 
MIN 
n 
-11016) MAX 
10.711 - 0.864) 
Yh 
. 
U 
. 
W 
LEAO#8 
+-11-- 
0.016 - 0.019 
OIA 
" 
10.406 - 0.4831 
. 


45° 


8 Lead TO-99 (TV) 
eJA = 150°CIW 
eJC = 45°C/W 


_____________ 
Package Information 


0.900- 
0.925 


0.760 - 0.775 
(22.86 - 23.495) 


(19.304_19.685);;0<1> 
0.345 - 0.395 


0.220 - 0.280 r 
(8.763 - 10.033) 
(5.588-1112) 
~ 
~ 


J 


0.085 - 0.100 
(2.948] 
(2.159 - 2.541 
MAX 


SEATING 
l-.vv,. 
Tt* 


PLANE 
• ==rrrrn= •t 


+ 
I~ 
0.025 
0.036 - 0.044 
10.6351 
(0.914 - 1.118)-- 
MAX 


<I> 
UNCONTROLLEO 
TYP 
LEAD<I> 


0.490 - 0.510 
112.446 - 12.9541 


<I> 


LEADCIRCLE 


0.151 - 0.161 
(3.635 - 4.089) 


<I> 
TYP, 


-f 


0.980 - 1.020 
124.892 - 25.908] 
J 


0.585-0.600 t 
(14.859 - 15.24) 


1.177- 1.197 
(29.896 - 3D.404) 


8 Lead TO-3 Can (KA) 
8JA = 25°CIW 
8JC = 2°C/W 


0.395 
Ej: 


110,033) 
MAX. 
LEAD#1 


+ 
0.030-0.110 
0.250- 
O,OO!.T 
0.762 
2.794 RAD. 


([35b ± 0012~ 
- 


0.025 ± 0.015 
II 
(0:635 ± 0:381) --J t- 


0.130 ± 0.005 
~040 
(3.302 ± 0.127)l 
11.016)TYP. 
.4- 
1l0'125 
0.020 
..J 
(3.175) MIN. 


10,506J MIN. ,.j~ ~ 


0,018±0,003 
0,1oo±0,010 
(0.457 ± 0.076) 
(2.540 ± 0.2541 


0'300_0'3~0 
0.020 
(7.620 - 8.128) 
r(0'508] 


0' _10' 
0.009 - 0.015 
0.229 - 0.381 
I. 
-I 


0,325::m 


18.255~~1 


8 Lead Plastic DIP (PA) 
8JA = 160°CIW 
8JC = 75°C/W 


_____________ 
Package Information 


C---. 
f 
f 
0.150-0.158 
0.181-0.205 
0.228-0.244 
(1810 - 4.013) 14.597- 5.207] 15.791 - 801981 


LEAO#1 ~ 
---.t 
t 
l 


0.014-0.018 
_ 
~_ 
I 
1_ 
0.050 
10.356 - 0.457]· 
I I ~ 
r- (1.2701 8se 
0.188 - 0.197 
1 
0.015 
u~r~~u 


0.018-0022 
I I- g 
.. 
;;-=:r 
(0.457 - 0.559) -l 
0053 _ 0069 
3 -6 
,. 
T 
0.004 - 0.008 
(1.346 _ 1.753) 
0.007 - 0.009 
10.102 - 0.203) 
10.178 - 0.2291 


8 Lead Small Outline (SA) 
8JA = 170°CIW 
8JC = 80°C/W 


0.400 
E} 


110.1601 
MAX 
LEAD#1 


0.025 
0.291 ,J 
~ (0.6351RAD 
(7.391)MA~ 


-.-l ~ 
0.D60± 0.005 
-11- 
11.524±0.127] 
0.290-0.320 
0.200 
17.366- 8.128) 
0.02D _ o.D70 
(5.080) MAXi 
~ 
0.160 MAX 
10.508 - 1 778l 


.J... 
~ 
MIN 
r i4.064i 


. 
mw~(3.1751 
~-l.. 


D· 10· 
T I 
---..I- 
~ 0.008 - 0.012 


JJl§l!. 
-.J I. 
-. 
(0.203 - 0.305) 


(1:524) MAX 
~ 
~I 
0.018± 0.002 
I 
I 
.-J1--10.457 ± 0.051) 
f.----.j 
0.100± 0.010 
0.385± 0.025 
12.540± 0.254) 
(9.779 ± 0.635) 


8 Lead CERDIP (JA) 
8JA = 125°CIW 
8JC = 55°C/W 


_____________ 
Package Information 


Ic 


0.520 
(13.21) 
MAX. 


0.485 
(12.319) 
MAX. 


D;~;~'''' 


~ 
~ 
(~:~~~) MIN. 


0.020-0060 W· 
050 


±0.005 
lYP. 
(0.508-1.524)L 
(1.270 ± 0.127) l 


~ 


I 
0.165 MAX 


I 
(4.19lJ' 


0125-0200 
-----. 
(3.175 - 5.080) 
I 
-t 
II - , 
I. 
0100±0.010 
r--+ll+--+J 
r-- 
(2.540±0.254) 


0.015-0.023 
(0.381 - 0.584) 


0.298 
17.569i 
MAX. 


I· 
·1 


~ 
..."-.." 
~ -I].- (0.203-0.381) 
I. 
.~(~:~~) 
REF. 


8 Lead Ceramic Sidebraze (DA) 
8JA = 120°C/W 
8JC = 50°C/W 


0.315 - 0.335 


0.165-0.185 
18.001- 8.509) 


14.191_4.699)~" 
OIA. 
_,Ji 


0.015-0.040 
br0.381 
-1.016) 


0.500 
-rT 
(12.70) 
n 
L~ 
MIN. 
U 
(0.889) MAX. 


II. 
0.016- 0.019 
OIA 
Ii 
10.4116 - 0:4831 
. 


10 Lead TO-100 Can (TW) 
8JA = 150°CIW 
8JC = 45°C/W 


0.595 - 0.605 
115.113-15.361] OIA. 


0.200 
15.000)TYP. 


0.100 TYP. 
0.545 - 0.555 
12.5401 
(1a843 _ 14.091]OIA. 


I~::)TYP· 
H 
@@@ 
0.146-0.181 
0.022-0.030 


@7'@130759_4.591]fmrrI0.559-0.7621 
@5 
II@) 
-l 
@3 
I@ 
-.r 
o @@ 
0.026-0.036 
0 
DOT 


0.400 
~~ 
10.660-0.~~_0.560~l 
(10.160)TYP. 
~ 
(120700-14.2241 
0.026 - 0.036 
0.016 - 0.019 OIA 
0.060 
(0.660 - 0.914) 
10.406- 0.483) 
. 
(1.5241OIA.TYP. 


12 Lead 10-8 Can (G) 
eJA = 100°CIW 
eJC = 60°C/W 


I- 
0.770 MAX-j 
I .....•iffi5Si 
',.., nVLEADN1 
Il::~..rl:::::::r:::m: 


M 


' 


I I 
0.073 ± 0.015 
---I 
t-Il.854 
± 0.381) 
0.020 
0.300 - 0.320 
0.040 
(0.5081 
(1620 - 8.128) 


(1~0161TYP. 
-.1 
1------1 


0.130 ± 0.005L 
. 
IJ""Cl1 


(a302±0.121]~ 
:!If 00_10° JLJ\ 
0.009-0.015 
~- 
~ 
-;--10.229-0.381) 


I~= 
MIN. 
r-ll-j ~ 0.125 MIN I.:.-----l 
0.018 ± 0.003 
la175) 
. 0.325 + 0.025 
10.457± 0.078) 
- 0.015 


0.100 ± 0.010 
18.255+0.6351 
(2.540 ± 0.254) 
- 0.381 


14 Lead Plastic DIP (PO) 
eJA = 140°CIW 
eJC = 70°C/W 


_____________ 
Package Information 
C~ 
t 
f 
0.150 - 0.158 
0.181 - 0.205 
0.228 - 0.244 
~ 
4.0131 (4.597t2071 
(5.791r198) 


lEAO*IlL 
--1 l- 0.050 8se 
--l 
0.014 - 0.018 
(1.270) 
(0.358 - 0.457) 
1~ 


0.015 


0338-0344 
(0.381) 


18:534 - 8:737)-U 
/450 
30 _ 60 


-t 
~~ 
I- 0.018-0.022 J O.Ota-0069 
7f 
(0.457 - 0.559) 
(1.34ll _ 1.753) 
0.007 - 0.009 
0.004 - 0.008 
(0.178 - 0.2291 
(0.102 - 0.2031 


14 lead Small Outline (SO) 
8JA = 115°CIW 
8JC = 60°C/W 


0.160 
1.. 


(4.064) MAXt 


0.020 - 0.070r J 
(0.508 - l.778i 


0.100 ± 0.010 
12.540 ± 0.2541 


~ 
0.785 
--l 


0.291 MAxI( 
~'~~ 
'~': :F;~':. 
(7.3911 


I~~ 
MAX-II- 
0.125 
i3TI5i MIN 
0.290 - 0.320 
1~:~~~1'8 


Si 
!t 
00-1O.m 
"81.- -+([~~ 
= ~:~~I 
l~~ 
+ 
I- 
-I 
0.385± 
0.025 
(ll.779 ± 0.6351 


0.018 ± 0.002 
10.457 ± 0.051) 


14 lead 
CEROIP (JO) 
8JA = 105°CIW 
8JC = 50°C/W 


_____________ 
Package Information 


0.262 - 0.282 
(6.655 - 7.1631 
±= 


(19.355 - 19.761) 


0.623 - 0.762 
I- 


115.824 -19.3551 -I 


'\ 


~82-0.298 
~63-7.569) 
0.300 - 0.3211 
0.010 - 0.007 
0.086 - 0.170 
17.6211- 8.128) 
10.508 - tn81 


12.184-4.3181 
LEAONI 
r---r 
I 
t~------I~:~~=~~~~1 
(t----!' 
.•mrmE------L-l 
---:l-0.012 


0.015 - 0.035 J 
-r 
(0.229 - 0.3051 


[0.381 -::\105 --Il11 
0.016 _ 0.02ll 
0.290 - 0.310 


[2.413 - 2.667) 
=.11-10.406 _ 0.508) 
17.366 - 7.8741 


14 Lead Ceramic Sidebraze (DO) -1 
8JA = 100°CIW 
8JC = 45°C/W 


k- 
0.780 
MAX--l 
1_ .[19.812) 
I 
LEAD*1 


I~:~~~ ~~{(:::::: 
rI~: 
= ~~~I RAO 


0.025 ± 0.015 
I) 
_ 
[0:635 ± 0:381) -Jr-- 


~m- 
L 
11.0161Jl[508i 
0.130 ± 0.005 
13.302±0.121inr 
ITT 


0.02ll MIN 
I~ cr 0.125 
(0.5081 
r--I-- 
[3.175) MIN 


0.018 ± 0.003 
10.457 ± 0.076) 
0.100 ± 0.010 
12.540 ± 0.254) 


0.300 - 0.3211 
17.6211- 8.128) 


00_100U 


~0.009-0.015 
~ 
10.229 - 0.381) 


0.325 +0.025 
::[lIT5 


(8.255 +0.635) 
-6.381 


16 Lead Plastic DIP (PE) 
8JA = 135°CIW 
8JC = 65°C/W 


___ 
----"- 
Package Information 


---. 
f 
f 
0.150 - 0.158 
0.181 - 0.205 
0.228 - 0.244 
(3.810 - 4.013) (4.597 - 5.207) 15.791- 6.198J 
~ 
t 
+ 


0.014-0.018.j I- -l~~ 
Bse 
(0.358 - 0.457) 
11.270) 
0.015 


0.385 - 0.394 -1 lr-10.3Bl) 
(9.779 - 10.007) 
I~ 
lAs' 


.L 
~~ 
I.- ,,,,.,m J,J.-... 
,..,.;;r 


10.457 - 0.559) 
(1.346 _ 1.753) 
0.007 - 0.009 
0.004 - 0.008 
(0.17B- 0.229) 
10.102 - 0.2031 


16 lead Small Outline (SE) 
8JA = 11O°CIW 
8JC = 60°C/W 


r 
0.291-0.299 
0.344-0.364 
(7.390 -7.959) 
(8.738 - 9.246) 
~t 


f 
0.394-0.419 
"·'""r·~J 


--l f- (~:m) 
4~11 
30_60 
j-\'~ 
J ~ 0.053 
~ t 
I 
(1.346) MIN. 


0.009 -0012 
(0.229 - 0.305) 


16 lead Small Outline, Wide (WE) 
8JA = 105°C/W 
8JC = 60° C/W 


_____________ 
Package Information 


0.785 
t:: 119.9391 MAXY LEAD#1 
~P 


O'025 
0.291 
(0.6351 RAO 
(7.3911 MAX 


I~:~~lMAx--1 
L 


0.060±0.D05 
~MIN 
11.524 ± 0.127][ 
13.1751 
0.160 
14.0641 MAXT=i= 


0.02D - 0.070 
~ J L~~T 
10.508 - 1.7781 
0.018 ± 0.002 


0.100 ± 0.010 
(0.457 ± 0.0511 
12.540 ± 0.2541 


16 lead 
CERDIP (JE) 
8JA = 100°C/W 
8JC = 50°C/W 


0.290 - 0.320 
(7.366 - 8.128) 
t:J 


DO_100m 
""-/l.-- -J\.- 0.DD8 - 0.012 
l---I 
10.2D3 - 0.3051 


0.385 ± 0.D25 
(9.779 ± 0:6351 


t 
0.125-0.200 
(3.175- 5.080) 


0.298 
ES 
m 
0.008-0.015 
~ 
-1].- (0.203-0.381) 


I. 
~-(~.~~~)REF. 


16 lead Ceramic Sidebraze (DE) 
8JA = 95°C/W 
8JC = 45°C/W 


_____________ 
Package Information 


I 


0.920 
-- 
(23.370) MAX. 


0.250 ± 0.005.+ 
(6.350 ± 0.12711- 


I I 
0.060 ± 0.005 
-l1--11.524±0.127) 


LEAD #1 
0.030-0.110 
(0.762 _ 2.7941RAO. 


0.130 ± 0.005 
0.300 - 0.320 
(3302 + 0 127) 
0.020 
(7.620 - 8.128) 
. L-' 
~D40 
TYP. 
10.5081 
H 
(1.016) 
--.i. 
Irt=J"'\1 


-.---i- 
. t+ O' - 10'JC:).\ 
fT 
- 
~~~ 


0.020 :JlJ L+ 
I 
I 
(0.5081MIN. 
0.125 MIN 
~ 
(3.175) 
0.325 +llJlZ5 
0.018 ± 0.003 
::u:ors 
(0.457 ± 0.076) 
0.100 ± 0.010 
(8.255 +0.635) 


1Z.540± 0.254) 
::o:3BT 


18 Lead Plastic DIP (PN) 
8JA = 130°C/W 
8JC = 60°C/W 


f 
r 
0.291 - 0.299 
0.344 - 0.364 
(7.390 -7.959) 
(8.738 - 9.246) 
~ 
t 
j I 


--l 1- 0.050 
B 
(1.270) 
SC . 


•... 
0.014 - 0.019 
(0.356 - 0.482) 


0.092 - 0.104 


~' 


II 
0.030 
~l 
-.j •.(0.762) 
MAX. 


0.088 - 0.096 
0.003 - 0.011 
(2.250 - 2.450) 
(0.076 - 0.279) 


f 
0.394 - 0.419 


"'·'"r"" 


--J I--(~:~~~) 


4~ II 
30_60 
j-\~ 
J 
~ 
0.053 
-nt 
I 
(1.346) 
MIN. 


0.009 - 0.012 
(0.229 - 0.305) 


18 Lead Small Outline, Wide (WN) 
8JA = 105°C/W 
8JC = 60° C/W 


_____________ 
.Package Information 


I- 
0.910 
MAX 
__ 
I "~(23.110) 
. 


0.291 MAX t 
i7ml 


0.050 
I 
11.270)-- 
• 
~MAX-.-t 
(4.0641 
tT 


0.020 - 0.070 ~ J L 
(0.508 - 1.778) 


0.100 ± 0.010 
(2.540 ± 0.254) 


LEAD #1 


0.025 RAO 
(0.635) 


0.290 - 0.320 
0.125 
(7.366 - 8.128) 


I i13.1751MIN i=I 


~ 
0°_100m 
"""Uk- -J\- 
0.008 - 0.012 
~~ 
T 
I---l(0.203 - 0.3051 


0.018 ± 0.002 
0.385 + 0.025 
(0.457 ± 0.0511 
(9.779 ± 0:635] 


18 Lead CERDIP (IN) 
8JA = 90°CIW 
8JC = 45°C/W 


0.020 - 0060 
ij:J 


0.125!0.200 
(3.175 - 5.080) 


18 Lead Ceramic Sidebraze (DN) 
8JA = 90°C/W 
8JC = 40°C/W 


0.298 
(7.569) 
MAX. 
l:==j 


~ 
0.008-0.015 
~TI0.203-0.381) 
I-·---~~ 
J:~~~) 
REF. 


_____________ 
Package Information 


I_(~~MAX. 


0.250 ± o.OO5.t 
(6.350 ± 0.127]1- 


I I 
0.060 ± 0.005 
-.j ~(1.524±0.127] 


0.130 + 0.005 
0.300 - 0.320 
''''L~~ 
"Ef 
r+ 
·ITfO'-l~ 


0.020 JLj L t 
I' 
I 
10.508)MIN. 
~MIN 
~ 
(3.175) 
0.325 !llJl25 
0.018 + 0.003 
::o:oT5 
(0.457:;: 0.078) 
0.100 ± 0.010 
(8.255 +0.635) 
- 
(2.540 ± 0.2541 
::o:3llT 


LEAO *1 
0.030 - 0.110 
10.762 - 2.794) HAO. 


20 Lead Plastic DIP (PP) 
eJA = 125°CIW 
eJC = 60°C/W 


tf 
0.291 - 0.299 
0.344 - 0.364 
(7.390 -7.959) 
(8.738 - 9.246) 
~t 


'I. 0.014 
- 0.019 
I I 
0050 
-+l 
(0.356-0.482) 
---.l 
.•. (1:270) sse. 


f 
0.394 -0.419 
''''''C"'' 


--l!-(g:m) 
4A.11 
3'-6' 
"'-~~ 
J ~ 0.053 
M 
f' t 
I 
(1.346) 
IN. 


0.009 - 0.012 
(0.229 - 0.305) 


20 Lead Small Outline, Wide (WP) 
eJA = 1OO°C/W 
eJC = 50° C/W 


_____________ 
Package Information 


0.970 
1- 124.6381 MAX --- 


0.291 
IV + 
i7.39TlMA~ 


0.050 
I 
11.2701-- 
• 
..ill!!.MAXJ 
14.064) 
tT 


0.020 - 0.070 ~ j L 
10.508 - 1.7781 


0.100 ± 0.010 
12.540 ± 0.2541 


LEAD #1 


0.025 RAO 
iD.635i 


0.290 - 0.320 
0.125 
(7.366 - 6.126) 


I 113.175)MIN I=l 


~ 
0°_100m 
"'U~ -J\- 
0.008 - 0.012 
~~ 
T 
I.---l 
10.203 - 0.305) 


0.016 ± 0.002 
0.385 + 0.025 
10.457 ± 0.051) 
11[779± 0:635) 


20 Lead CERDIP (JP) 
8JA = 90°CIW 
8JC = 40°C/W 


l 


..!!J.li 
MAX 
(4.191) 
. 


o 1r::- 
j 1_ 
0.015-0023 
(3.175-5.080) 
(0.381-0.584) 


20 Lead Ceramic Sidebraze (DP) 
8JA = 85°C/W 
8JC = 35°C/W 


_____________ 
Package Information 


0.250 ± 0.005"rJ1_ 0.025±0.015 
(0.635 ± 0.381) 
0.130 ± 0.005 
(3.302±0.127) 
_ 
0.040 
TYP 
L 
(1.016) 
. 


tt- 


0.020 j~ 
(0.508) 
MIN. 


o 018± 0.003 
(0.457 ± 0.076) 


0.020 
0.300 - 0.320 
(0.508) 
(7.620 - 8.128) 


~._,.J~"-!~r.:;ml 
j L -r5 
MIN 
W 


0.100 ± 0.010 
(3.175)' 
0.325 
~:~~; 
(2.540 ± 0.254) 
--~= 


(8.225 !B:n 


24 Lead Plastic Narrow DIP (NG) 
8JA = 120°C/W 
8JC = 60°C/W 


I 
r 
0.291 - 0.299 
0.344 -0.364 
:r·nr~1 
r 
0.394-0.419 
'"·""r~1 
~I 
-I ~(~:~~) 
BSC . 
.• 
0.014-0.019 
(0.356 - 0.482) 


0.092 -0.104 


0.612 
--1 
(2.337-2.642) 


(15.545) 
MAX.~I 


--'-1 


--11-- (~:m) 
4~11 
3.-6. 
j-~~ 
J 
1- 
0.053 
MIN 
f' t 
I 
1(1.346) 
. 
0.009-0.012 


(0.229 - 0.305) 


24 Lead Small Outline, Wide (WG) 
8JA = 85°C/W 


8JC = 45° C/W 


_____________ 
Package Information 


l- 
1.270 MAx-I 
e~~:::r"'" 
I 


0.025 
0.530 - 0.550 
(0.6351 RAO 
[13.452 - 13.9701 


0.100 MAX--II-- 
2.540 


0.160 MAX 
0.050 
0.125 MIN 


[4.~) ~~1) 


0.020 - 0.070r ---l-jh 
10.508 - 1.7781 
I' . . 


0.018 ± 0.002 
(0.457 ± 0.0511 
0.100 ± 0.010 
[2.540 ± 0.2541 


0.590 - 0.620 
[14.986 - 15.7481 


0.-1~" ::il 0.008 - 0.012 
H 
[0.203 - 0.3DS) 


0.685 ± 0.025 
(17.399 ± 0.635) 


24 Lead CERDIP (JG) 
8JA = 55°CIW 
8JC = 20°C/W 


t: 


1.270 
MAX =1 
(32.25) 
. 


~- [:::::::::3::~~:~" 


II 
0.060 ± 0.005 
~ 
~(1.524±D.127) 
0.290 - 0.320 


0.200 
MAX 
(7.366-8.128) 
J!J§!!. MAX 


0.020 _ 0.070 
(5.080)' 
I" 
~ 
(4.064)' 


(0.508-1.778) 
l- 
I~ 
t 
h=~====',---l".~ 
f 


0.100 IJ lJL 
--r 
I 
I 
0.008~0012 
(2540) MAX- 
/+- 
0.01HO.002 
0.125 
MIN. 
r-----1 
(0.203-0.305) 


. 
(0.457±0.051) 
(3l75) 
0385+0.025 


0.100±0.010 
(9.779 ± 0.635) 


(2.540 ± 0.254) 


24 Lead Narrow CERDIP (RG) 
8JA = ao°clW 
8JC = 40°C/W 


_____________ 
Package Information 


--II-(~:~~~) 
MIN. 


24 Lead Ceramic Sidebraze (06) 
9JA = 50°C/W 
9JC = 15°C/W 


I 


0.598 
I 
- 
(15.189) MAX." 


I I 


0.008 - 0.015 
(0.203 - 0.381) 


1-(~5~~)REF.-I 


~I 


LEAD" 
4.317 
L 
--.l jUij"AX. 


.!-~"IN 
• 


(3.175) 
. 
0.010 -G.. t 
(O.2S4-o.7a) 
r~11 
11~ 


(0'" 
- 0..131 -+1t- 
~ 
I+- IUC:t 
o.2S4l 


24 Lead Ceramic Sidebraze (06) 
-1,-2 
9JA = 50°CIW 
9JA = 15°C/W 


_____________ 
Package Information 


I- 
1.470 
---.I 
L__""'" .n Fm••, 
(1~~6~~~nIC::::::::::: 
1~?Bt~~~) 


0.050±0.015 
11_ 
11.270± 0.3811-+1 r-- 
0.030 
0.600 - 0.620 


o.l50±o.l105 
0.050 
(0.762) 
(15.240-15.7481 


(3.610±0.127JL 
11.27~ TYP. ..0 
J 
0 -1~·im\ 
0.009-0.015 
+If 
""P--~ 
(0.2211-0.381) 


0.020 MIN 
~ I:~125 MIN I' 
I 
10.508) 
(3.175) 
f-----j 


+ 0.025 
0.018 ± 0.003 TYP. 
0.100 + 0.010 
0.625 _ 0.015 
10.457± 0.078) 
(2.540± 0.254) 
~~I 
,,5.875 _ 0.381 


28 Lead Plastic DIP (PI) 
8JA = 11 O°CIW 
8JC = 50°C/W 


r 
r 
0.291 - 0.299 
0.344 - 0.364 
:r~·'T·' 


0.394I.419 
'"'TO" 


-J I.- 0.014 -0.019 
(0.356 - 0.482) 
-J I.-(~:~~) 
BSt. 


~r-~ 
4~11 
3'-6' 
j-~~ 
J 
I_.!!.J.§!. MIN. 
t 
I 
r(1.346) 
OODH012 
(0.229 - 0.305) 


l.L 


0.003-0.011 
T 
(0.076-0.279) 


28 Lead Small Outline, Wide (WI) 
8JA = 80°C/W 


8JC = 45°C/W 


___ 
~ 
Package Information 


0.160 MAX 
0.050 
0.125 
(4.0641 
U.~IMIN 
.",-..IT I 
olojh 
10.508- 1.7781 
0.018 + 0.002 
(0.457 ± 0.051) 
0.100 ± 0.010 
(2.540 ± 0.2541 


0.590 - 0.620 
(14.986 -15.7481 


0._10. t:::::l 
~.~ 
0.008-0.012 


~ 
(0.203 -0.3051 


0.685 + 0.025 
(17.399 ± 0.635) 


28 Lead CERDIP (JI) 
eJA = 55°CIW 
eJC = 20°C/W 


1.430 
MAX 
~ 
~) 
.------~ 
r 


0.520 
MAX'1 


(13.208) 
so.. 


LEAD '1 
D 


-11-(~:~~~) 
MIN. 


II 
0.015-0.023 
--l~(0.381-0.584) 
I 
0.100tO.Ol0 
r- (2.540 t 0.254) 


28 Lead Ceramic Sidebraze (01) 
eJA = 50°C/W 
eJC = 15°C/W 


t 


0.598 
~ 
(1ill9) MAX.J 


11 


0.008 - 0.015 
(0.203 - 0.381) 


/.- 
(105~:0)REf.-l 


_____________ 
Package Infol'mation 


(~r:ilJ tLEA!D~ 
I-- 0.050 
*:D"~ 


0.045 
0.449 ± 0.001 
"'~I~"'"""''I-=t~ 


0.490 ± 0.005 ~ 
(12.446 ± 0.127] 


.1tg·r:il 
+~ 
0.022 
0.045 
(0.5591 
11.1431 
--.I 0.420 ± 0.005 


•J10.668±O.l27] 


JJ 


1~0.027 
• 
i 
10.6861 


0.102 
12.5911 


0.172 ± 0.003 
(4.369 ± 0.0761 


28 Lead Plastic Chip Carrier (Ouad Pak) (01) 
eJA = 1aaeclW 
eJC = 45eC/W 


I-~ 
MAX.----j 
It~II[::::::::::::]~~:~: 
0.620 
~ 
0.085 
12.030) 
115.75) 
15.330) 


~ 
1.600 
MAX.--.I 
11.6501 
NOM~MAX 
M~X 
I 
(4D.640) 
I 
MAX 
~ 
---L 
~4-I- 
T 
~ "•• 
--l I-- 
---+--t 
I 
I 
\0.250) 


PIN #1 
.l1J!!!!. 
~ 
~ 
(2.540) 
j4.440) 
115.2401 


32 Lead Ceramic Sidebraze (OJ) -1 
eJA = 48°C/W 
eJC = 18°C/W 


_____________ 
Package Information 


I 


2.070 
I 
•• 
(52.5781 
MAX --V 
LEAO #1 
('~::tc:::::::::::::::::r- :f.::::::"'. 
~II_ 
0.075±0.015 
(1.905 ± 0.3811 
0.009 - 0.015 


(0.229 - 0.381J 


0.150 ± 0.005 
0.030 
0.600 - 0.620 
••••",'" ~ 
"'" 
"". -,m. 
t 
11.2701 
. 
, 
1---1 
rt 
~00-ltA 


0.020 MINr 
11..---I h 
1...!lill...M1N I~ 
I 
(0.5081 
I 
(3.175) 
--J 
0.018 ± 0.003 
0.100 ± 0.010 
+ 0.025 
(0.457 ± 0.076) 
(2.540 ± 0.2541 
0.625 _ o:iIT5 
rl5.875 + 0.635] 
t 
-0.381 


40 lead Plastic DIP (Pl) 
8JA = 1DDoCIW 
8JC = 45°C/W 


1 


_ 
02.070 MAx-I 
,,:~:~[:::=::::::::r~~' 
• __II_ 0.100 MAX- 
0.008 - 0.012 


2.540 
(0.203 - 0.306J 


0J.lil! MAX. 
0.050 
0.590 - 0.620 
4.064 
I~OITYP' 
~125 
MIN 
(14.986-15.748) 
+ 
. 
(3.1751 
t:::::1 
-. 
11 
00-I~ 


0.020=::r 
.-11..- __II - 1 
I~ 
~lm 
I 
~ 
~+~ 
0.018 ± 0.002 
0.100 ± 0.010 
(17 399~ 0.6351 
(0.457 ± 0.0511 
12.540± 0.2541 
. 
- 


40 lead CERDIP (Jl) 
8JA = 45°CIW 
8JC = 2DoC/W 


_____________ 
Package Information 


., 
rl~~~~; 
~~~I 
0.045 
I 
11.1431~ t 
n o.I' 


11.143) 


0.650 + 0.005 
)16.510± 
0.127] 


I 
: """"DO" ""a :u, 


0.690 ± 0.005 
)17.526 ± 0.127] 


~t~j 


I 
-n 
0.045 
11.1431 
0.026 
10.6601 
-i. 
T 


~ 


....J 
0.021 
-, 
\0.5531 


0.102 
0.170 
(2.5911 


14.3181 


44 lead 
Plastic Chip Carrier (Quad Pak) (QH) 
eJA = aDoCIW 
eJC = 4DoC/W 


44 Lead Plastic Flat Pack (MH) 
fJJA = 170°C/W 
fJJC = 70°C/W 


I+ 


0.073 ± 0.018 


(1.850 
± 0.450) 
l.- 
0.010 ± 0.010 


(0.250 
± 0.250) 


I 


~ 


~~ 


'0391 
0.018 
(1.000 
± G.400) 
0.006 ± 0.002 


(0.150 ± 0.050) 


